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EXECUTIVE SUMMARY

Nonpoint source water quality problems have been identified as the

principal remaining cause of water qual i ty problems in six of ten U.S.

Environmental Protection Agency (EPA) regions (EPA, 1984). Consequently

progress in water cleanup wil l  require effect ive control of nonpoint source

pol lu t ion,  espec ia l ly  f rom agr icu l tura l  lands.

The primary purpose of this study was to analyze the cost-effectiveness of

var ious po l lu t ion cont ro l  s t ra teg ies in  the Great  Lakes Bas in .  The f i rs t

s tep in  th is  e f for t  was a  l i te ra ture  rev iew of  agr icu l tura l  best

management practices (BMPs), with emphasis on studies in EPA Region V;

cr i t i ca l  fac tors  in f luenc ing the cost -e f fec t iveness o f  BMPs in  cont ro l l ing

sediment and phosphorus were identified. Then a case study was undertaken

to est imate the costs and effect iveness of conservat ion t i l lage in reducing

phosphorus loads in the Honey Creek watershed in Ohio. The third step in

the analysis was to identify publicly owned treatment works (POTWs) in

Region V which have recently been built or upgraded beyond secondary

treatment for phosphorus control and estimate the associated costs.

Finally a cost-effectiveness comparison was completed for the POTWs and

conservation t i l lage based on the case study.

A. Review and Analysis of L i t e ra tu re

Pract ices which reduce soi l ,  and nutr ient losses from agricultural lands

have been studied for a considerable length of time. Many of these studies

have focused on the potential  of diminished agricultural productivi ty

resu l t ing f rom so i l  and nut r ient  losses. However; more recent studies have

centered on agr icu l tura l  runof f  and i ts  cont r ibut ion to  water  po l lu t ion.

Because o f  var ia t ions in  c r i t i ca l  s i te  spec i f ic  cond i t ions - -  fo r  example

changes in  f ie ld  s lope,  so i l  tex ture ,  c rop and ra in fa l l  pat terns for  f ie ld
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related BMPS -- there is  cons iderab le  var ia t ion in  the cost-effect iveness

of each BMP. Table 1 presents a summary of findings (as expressed in the

literature) regarding some of the most commonly used BMPs for which

quant i ta t ive  cost  and effect iveness data are avai lable.

B. Conservation Ti l lage Case Study

Conservat ion t i l lage is  a  cu l tura l  pract ice  which can ef fec t ive ly  reduce

the quantity of nonpoint phosphorus loadings. However, because of the

variable nature of storm events which tr igger nonpoint loads, the

implementation of a BMP such as conservation tillage may not reduce

these loads to acceptable (targeted) levels in a given year. P o t e n t i a l l y

greater use of pest icides with conservation t i l lage also raises concerns

about environmental damage resulting from its widespread implementation.

Consequently, phosphorus and pesticide loading functions for surface and

ground water contamination were estimated for alternative land use

pract ices,  c rop product ion pract ices and h is tor ica l  weather  pat terns.  Net

returns were also est imated for various crops, t i l lage systems and land

c l a s s i f i c a t i o n s . The cost -e f fec t iveness o f  conservat ion t i l lage in

reducing phosphorus loads was then estimated by a linear programing (LP)

model,  with and without pest icide use constraints.

The cost-effectiveness estimates for the Honey Creek watershed are based on

cri t ical assumptions regarding basel ine cropping and t i l lage pract ices.

The prevai l ing dropping and t i l lage practices during the period when the

Honey Creek land use surveys were conducted (1979-1982) are defined as the

basel ine. Unde r  t h i s  de f i n i t i on , approximately 25 percent of the row crop

acreage is in continuous corn, 15 percent is in continuous soybeans and the

remaining 60 percent is in a corn and soybean rotation. Al l  acreage is

managed with conventional t i l lage pract ices. Total.  edge-of-stream

phosphorus loadings from the 58,358 acres of crops in the watershed are

estimated to be 113,565 pounds under baseline cropping and tillage

prac t ices .
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used in the Great lakes Basin for agriculture production 1/
Table 1. Estimated cost and effectiveness ranges of major Best Management Practices (BMPs)

Costs Y ie ld
Investment O&M Annualized 2/ change

- - - - - - - - - - - - - - d o l l a r s  p e r  a c r e - - - - - - - - - - - - - - percent

So i l
loss

Phosphorus
loss

--percent  reduct ion--
per year 5/ per year 5/

C o s t - e f f e c t i v e n e s s  i n
 e d g e - o f - f i e l d  r e d u c t i o n  o f

So i l  3 / Phosphorus 4/

do l l a r s / t on dollars/pounds

Cost and effectiveness estimates based on review of the literature as presented in Chapter II and Appendix A.

Investment costs are annualized at a 10 percent rate over the useful l ife of the BMP.

Sediment losses before implementation of each BMP are estimated to range from 3 to 20 tons per acre.

Phosphorus losses before implementation of each BMP are estimated to range from 0.5 to 10 pounds per acre.

Cost-effectiveness estimates are calculated using the midpoint of the annualized cost range estimate for each BMP.

Grassed waterway costs are estimated on the assumption that one acre of grassed waterway will serve 75 acres of cropland.

Sediment basin costs are estimated on the assumption that each basin serves 8 acres of cropland.

Suf f ic ient  in format ion regarding basel ine sol ids losses were not  avai lab le to der ive cost-ef fect iveness est imates.

Phosphorus losses without controls are estimated to range from 1.5 to 5.0 pounds per ton per year.



The cost-effect iveness of conservation t i l lage in reducing phosphorus

loads is dependent on both. the targeted load reduction and the desired

re l iab i l i ty  o f  actua l ly  ach iev ing these reduct ions in  any g iven year .

Targeted watershed reductions of 10, 25, 50 and 75 percent for phosphorus

loadings and re l iab i l i ty  thresholds. for  ach iev ing these reduct ions in  any

given year of 50, 60, 75 and 95 percent were estimated and are p r e s e n t e d

below.

Targeted reduction in phosphorus p o l l u t i o n
(percent of basel ine load)

R e l i a b i l i t y  1 /
(percent)

50
60
75
95

1 / Reliabi l i ty of meeting or exceeding the targeted
reduction in any given year.

2 / Cost-effect iveness measure is negative, ref lect ing more prof i table
t i l lage practices and cropping patterns than defined by basel ine
condit ions.

3 / I n feas ib l e  so lu t i on .

Because of concerns about potential increases in use and environmental

damage from pesticides, pesticides use restrictions were imposed based on

estimated pest icide loading funct ions. Wi th  pest ic ide  use res t r ic t ions

sufficient to meet Recommended Maximum Contamination Levels (RMCLs) in

drinking water, costs for reducing phosphorus loadings increase -- in some

cases dramatical ly. Cost-effect iveness est imates for phosphorus load

reductions are presented below. In this analysis, targeted phosphorus load

reductions and RMCLs are both expected to be met with 50 percent

r e l i a b i l i t y .
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R e l i a b i l i t y
Targeted of achieving

R e l i a b i l i t y

phosphorus reduction
percent  o f  base l ine)

phosphorus reduction
of achieving

(percent)
pesticide RMCLs Cost

(percent ) ($/pound)

1 0
25

50 50 1.83
50 50 4.09

50 50 50 7.17
75 50 5 0 16.10

Higher levels of rel iabi l i ty for meeting the targeted phosphorus load

reductions and RMCLs were also estimated. The results of this analysis

indicated significantly higher costs per pound of phosphorus load

reduct ions.

C. Cost-effectiveness of POTWs Controlling Phosphorus

POTWs with planned or upgraded facilities for phosphorus removal were

identified in EPA Region V. Fac i l i t ies  were ident i f ied by consul t ing two

data sources, the EPA Needs Survey (EPA, 1985a), which identified 208 POTWs

being upgraded for phosphorus removal, and Region V's "Construction Grants

Information and Central System for Advanced Treatment Projects," which

identified 26 POTWs being upgraded for phosphorus removal (EPA, 1985). A

sample of POTWs listed in the Needs Survey was contacted to determine plans

to build or upgrade for phosphorus removal. Only a small number of these

POTWs contacted indicated they were upgrading specifically for phosphorus

removal. Accordingly, because of resource constraints, the

cost-effectiveness analysis was focused on the 26 POTWs identified by EPA

Region V as being upgraded specifically for phosphorus removal.

These fac i l i t ies  were contacted in  order  to  obta in  data  suf f ic ient  to

complete a cost-effect iveness analysis. Data requi red for  th is  analys is

cons is ted o f  the fo l lowing:

POTW size in million gallons per day (MGD);

number of operating days or annual flow;

inf luent and eff luent phosphorus concentrat ions;
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advanced treatment technology used; and

c a p i t a l and annual operation and maintenance costs for phosphorus

removal.

These data were collected through telephone interviews with the POTW

operators or engineers. The contacts were asked to estimate costs for

removal of phosphorus only. This was an especially troublesome task

insofar as capital  costs are aggregate f igures associated with the total

faci l i ty construct ion or upgrade, and are not broken out by the specif ic

po l lu tant  (e .g . ,  phosphorus)  t reated. Al l  est imates received were veri f ied

v ia  fo l low-up contac ts  w i th  the POTWs.

Of the 26 POTWs identified by EPA Region V as being upgraded for

phosphorus removal, six were deleted after ini t ial  contacts because they

were not  upgrad ing spec i f ica l ly  for  phosphorus removal .  Addi t iona l ly ,  n ine

POTWs could not provide adequate information to conduct the

cost-effectiveness analysis. Consequently only eleven POTWs were

cons idered in  the f ina l  cost -e f fec t iveness analys is ,  w i th  on ly  average

costs being estimated.

Chemical addition to precipitate phosphorus was the most common treatment

used by the eleven POTWs. Al l  but  one fac i l i ty  used th is  t reatment

process. The chemicals used included aluminum sulfate, ferr ic chloride,

iron and polymers and steel mil l  waste pickle l iquor. Pickle l iquor was a

cheaper subst i tute for chemicals. The Rochester, Minnesota POTW was the

one fac i l i ty  us ing a  propr ie tary  t reatment  process ca l led PhoStr ip .  Th is

process is both a biological and chemical treatment process.

The POTWs ranged in size from 0.3 to 10 million gallons per day (MGD) with

cap i t a l  cos t s  f o r  r emova l  o f phosphorus ranging from $20,000 to $3,500,000

while annual operation and maintenance costs ranged from $2,500 to

$450,000.

Of the eleven POTWs analyzed, inf luent ranged from 2.0 mil l igrams per l i ter

(mg/ l )  to  14.0  mg/ l  wh i le  e f f luent  ranged f rom 0.1  mg/ l  to  1 .0  mg/ l .  Tota l
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phosphorus removed ranged from 1,461 pounds to 395,292 pounds. Cost-

effectiveness estimates ranged from $1.14 per pound to $20.58 per pound of

phosphorus removed with higher costs being associated with smaller

f a c i l i t i e s .

Since similar treatment systems are used, the POTWs were grouped by size to

develop average cost-effect iveness values. Values for three sizes of

fac i l i t ies  are  presented be low.

Cost-effect iveness
Size Range Average Size Range Weighted Average

(MGD) (MGD) (1985  $ / l b ) (1985 $/ lb)

< 0.5 0.4 6.06 - 20.58 9.55
0.5 -  1 .9 1.22 - 14.39 3.77
2.0 & up

1.2
5 .8 1.14 - 2.18 2.00

In a similar study of POTWs in the Great Lakes basin, significant economies

of scale were experienced by larger faci l i t ies (SAIC, 1988). The results

of this study are summarized below.

Cost-effect iveness
Size Range Average Size Range Weighted Average

(MGD) (MGD) (1985 $/ lb) (1985 $/lb)

< 5.0 3.2 0.98 - 2.06. 1.37
5.0 -  9 .9 7.7 0.54 - 2.47 1.24

10.0 - 19.9 13.4 0.45 - 1.22 0.68
20.0 & up 52.7 0.23 - 0.92 0.41

The analyses did not estimate the impact on costs and cost-effectiveness

stemming from incremental increases in the levels of treatment of POTWs,

but  ra ther  repor ted the average cos ts  and cost -e f fec t iveness for  upgrad ing

from secondary treatment to current levels of phosphorus control (which

include phosphorus effluents equivalent to advanced secondary and advanced

leve ls  o f  t reatment ) .
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D. Comparison of Conservation Tillage and POTW
Cost-effect iveness Est imates

A comparison of the cost-effectiveness of conservation til lage versus POTWs

in reducing nonpoint phosphorus loadings requires the consideration of

severa l  fac tors . Of cr i t ical importance in assessing the

cost -e f fec t iveness o f  conservat ion t i l lage is  the des i red leve l  o f

reduction in phosphorus loadings to be achieved and the acceptable

re l iab i l i ty  (probabi l i ty )  o f  meet ing the des i red leve ls  in  any g iven year .

Of cr i t ical  importance in assessing the cost-effect iveness of POTWs is the

s ize o f  the fac i l i ty  for  the watershed in  quest ion.

The higher the watersheds targeted reduction in phosphorus loads, the

higher the average cost per pound of phosphorus load reductions with

conservat ion t i l lage. In the Honey Creek watershed, POTWs decreasing

phosphorus leve ls  to  one mi l l ig ram per  l i te r  or  less  are  cost -e f fec t ive

(compared to conservation t i l lage) i f  targeted reductions for the watershed

are greater than 75 percent, regardless of the size of POTW needed. At

targeted reductions of 50 percent, POTWs with capacities greater than

500,000 gal lons per day are cost-effect ive.

At targeted reduction levels of 25 percent, the cost-effect ive phosphorus

control method depends on the desired rel iabi l i ty of achieving the targeted

reduction levels in any given year. I f  meeting the long-run targets is

s u f f i c i e n t ( i . e . , 50 percent rel iabi l i ty assuming the phosphorus pol lut ion

p robab i l i t y  d i s t r i bu t i on  i s  no rma l l y  d i s t r i bu ted ) ,  conse rva t i on  t i l l age  i s

cost-effective compared to POTWs treating less than 10 MGD. If a higher

degree of rel iabi l i ty is deemed necessary ( i .e.,  >60 percent),  POTWs

designed to treat more than 2 MGD are cost-effective.
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I . INTRODUCTION

Since the passage of the Clean Water Act in 1972, significant progress

toward achievement of the nation's water quality objectives has been

accomplished by control l ing point sources of pol lut ion. These reductions

have resulted from the development and installation of point source

technologies, regulatory act ivi t ies and effect ive enforcement act ions.

Unfortunately, the overal l  qual i ty of the nation's surface waters has not

improved to an extent proport ional with the point source reductions. I t  i s

becoming increasingly recognized that continued improvement in the quality

o f  the nat ion 's  waterways wi l l  a lso requ i re  s ign i f icant  reduct ion in

pol lutants from nonpoint sources. As highl ighted in a recent U.S.

Environmental Protection Agency (EPA) publication Report to Congress:

Nonpoint Source Pollut ion in the U.S., nonpoint source pol lut ion is indeed

a pervasive problem. Nonpoint sources have been identified as the

principal remaining cause of water quality problems in six of ten EPA

Regions (EPA, 1984).

Nonpoint sources contribute both conventional and toxic pollutants as do

point sources. Even though both sources contribute the same kind of

po l lu tants ,  the process o f  po l lu tant  generat ion is  very  d i f fe rent  in  that

pol lutants from nonpoint sources are mobil ized primari ly during storm

events. In addit ion, generation rates vary from site to si te in volume,

combinations and concentrat ions during dif ferent f low regimes. Therefore,

pol lut ion from nonpoint sources occurs with less frequency and for shorter

duration than for point sources (EPA, 1984).

Agriculture has been identified as the most pervasive source of nonpoint

water quality problems in most areas of the United States, Sediment (such

as sand, si l t ,  clay and organic materials) as eroded soi l  carr ied in
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runoff is the largest contr ibut ion by volume to nonpoint source pol lut ion

(EPA, 1984). Because of the high volume, sediment can result in serious

problems by upsetting stream and lake ecosystems, settling out of the water

column and destroying benthic habitats, and causing high turbidity which

inh ib i t s photosynthesis. I t  a lso  has a  s ign i f icant  adverse e f fec t  on f ish

reproduction and feeding. Sedimentation decreases storage capacity in

lakes and reservoirs, increases f looding, reduces the effect iveness of

drainage ditches and increases water treatment costs (Clark et al . ,  1985).

Nu t r i en t s--in particular, phosphorus and nitrogen--are the most significant

contaminants in eroded soi l  and runoff (Clark et al. ,  1985).

Eut roph icat ion,  caused by excess ive nut r ients  resu l ts  in  f ish  k i l l s ,

nuisance algal blooms, heavy aquatic weed growth, poor taste and foul

o d o r s . Nitrogen contamination of drinking water supplies can also cause

ni t ra te  po ison ing (Johnson et  a l . ,  1982) .  Nut r ient  expor t  f rom

agricultural lands is inf luenced by the same factors that inf luence the

eros ion process i tse l f  as  wel l  as  severa l  o thers .  Par t icu lar ly  impor tant

are farm-management practices, cropping patterns, soil type, topography,

fertilizer management, livestook and livestock waste management, and

weather.

Numerous other contaminants are associated with agricultural nonpoint

po l l u t i on .  Pes t i c i des ,  l i ke  nu t r i en t s ,  a re  t r anspo r ted  f r om ag r i cu l t u ra l

lands by being adsorbed to eroding soi l  part icles, dissolved in runoff

water and leached into groundwater. Other agricultural nonpoint source

contaminants include bacteria, viruses, metals and salts.

Control of agricultural nonpoint source pol lut ion is a complex problem.

V a r i a b l e conditions among sites make the problem of control very site

s p e c i f i c . As a  resu l t ;  genera l ized so lu t ions a t  the nat iona l  leve l  are

e lus ive. Progress has been made in understanding the causes of

agricultural nonpoint pol lutants and actual progress in control l ing

nonpoint source pol lut ion, in some instances, has been signif icant.
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Although understanding of nonpoint source pol lutants result ing from

agr icu l tura l  ac t iv i t ies  is  increas ing,  the broad pervas ive t rends in

agriculture have increased the problem in recent years. Conversion of

marginal land to cropland, increased intensive agriculture, and double

cropping have resulted in an overal l  increase in agricultural nonpoint

p o l l u t i o n .

Several management practices can be implemented to control agricultural

nonpoin t  po l lu t ion. Previous research has shown that it may be more

cost-effect ive--at least in certain circumstances--to manage nonpoint

sources of pollution rather than upgrading publicly owned treatment works

(POTWs) (IEc, 1985). Identi f icat ion and a clearer understanding of the

cost -e f fec t iveness o f  var ious types o f  po l lu t ion cont ro l  w i l l  he lp  to

ensure the adoption of efficient and effective management programs. This

can help to achieve desired levels of water qual i ty protect ion in the

context of competing resources.

A. Purpose and Background of Study

The primary purpose of this study was to evaluate the economic tradeoffs

between implementing agricultural best management practices (BMPs) and

str icter point source controls for reducing phosphorus loadings in the

Great Lakes area--primari ly EPA Region V. The f irst step in this effort

was a l i terature-review of agricultural BMPs. The primary purpose of this

review was to assess the cost-effectiveness of each BMP in reducing

phosphorus in  agr icu l tura l  nonpoin t  source runof f .  Anc i l la ry  research

involved an assessment of water runoff and soil loss resulting from

implementing the various BMPs; this information was deemed important in

developing a clearer understanding of the effectiveness of the BMPs in

reducing phosphorus losses. S i t e - spec i f i c  c r i t e r i a  wh i ch  a re  c r i t i ca l  i n

the cost-effect iveness of the BMPs were documented.

The second step in the analysis was to identify POTWs in Region V which

have recently been built or upgraded beyond secondary treatment.

Addit ional costs for nutr ient removal were assessed and cost-effect iveness

I - 3
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estimates were developed for di f ferent sizes of POTWs. The f inal task in

the original scope of work was to compare the BMP cost-effectiveness with

that of POTWs in reducing phosphorus loadings in the Great Lakes Basin.

However, most of the cost-effectiveness information available on BMPs was

on an edge-of-f ield basis, and accordingly was not direct ly comparable with

the POTW estimates. In l ight of this and other problems (e.g.,  concern

about the rel iabi l i ty of BMPs in meeting water qual i ty object ives in a.

given year due to the variabi l i ty in storm and runoff events which tr igger

much or the nonpoint pollution) the scope of work was altered to include a

case study of the cost-effect iveness of conservation t i l lage in reducing

nonpoint phosphorus loadings in the Honey Creek watershed in Ohio.

Conservation tillage is a BMP which reduces soil erosion and phosphorus

losses through a reduction in t i l lage operations and an increase in crop

residues on the soi l  surface. The perception of increased use of

pest icides with conservation t i l lage is considered to be a negative aspect

of this BMP and has raised concern about increased pesticide loadings. In

an effort  to assess the overal l  desirabi l i ty of implementing conservation

t i l lage pract ices to reduce phosphorus loadings to surface water, pest icide

use constraints were considered. These constraints were imposed to

evaluate the physical and economic effects of conservation t i l lage on

pesticide loadings to surface and ground water.

The case study relied on the use of a simulation program to estimate the

sediment and phosphorus runoff effects of conservation t i l lage under the

soi l  and cl imatic condit ions of the Honey Creek watershed. Edge-of-stream

phosphorus loadings were estimated by EPA analysts. Recognizing that the

magnitude of phosphorus loadings occurring in a given year are dependent on

the year's weather pattern, phosphorus loadings were estimated under

average conditions as well as more extreme conditions when loadings would

natura l ly  be h igher . This was done to provide a means of ensuring that

targeted reductions in phosphorus loadings could be met with a high

p r o b a b i l i t y --as they are with point source controls. For example, targeted

annual reductions in phosphorus loadings based on average loadings will



only be met with 50 percent frequency (if phosphorus loadings are normally

d i s t r i b u t e d ) . By targeting phosphorus load reductions based on more

extreme weather condit ions (e.g., higher expected loadings), the

probabi l i ty  o f  actua l ly  meet ing the targeted reduction in any t ime period

wil l  be increased.

These phosphorus loading estimates were used as constraints in a linear

programing (LP) simulat ion model. The objective function of the LP model

was to maximize farm income and was based on crop yield and farm income

d a t a  ( i . e . , crop enterprise budgets) for conservation t i l lage pract ices.

Effects of pest icide use constraints were incorporated into the model by

a l ter ing ob jec t ive  funct ion parameters  to  re f lec t the cost and yield

estimates stemming from use of the various pesticides. The

cost-effect iveness of conservation t i l lage was est imated by dividing the

change in watershed farm income by the corresponding targeted reduction in

phosphorus loadings.

The final step in the, study was a cost-effectiveness comparison between

conservation tillage and POTWs in reducing phosphorus loadings. For

purposes of this analysis, the total changes in farm income were

attr ibutable to reductions in phosphorus; none of the reductions in farm

income were attr ibuted to other benefi ts of conservat ion t i l lage (e .g . ,

reduct ions in  so i l  e ros ion and other  nut r ients) .

B.  Organizat ion of  Repor t

In Chapter II, cost-effectiveness ranges are presented for conservation

t i l lage, contouring, terraces, grassed waterways, fert i l izer management,

sediment basins, livestock exclusions and feedlot runoff waste management.

These estimates are based on the analysis of the literature presented in

Appendix A pertaining primari ly to the Great Lakes states. Important

s i te -spec i f i c  fac tors  wh ich a f fec ted the cost-effectiveness of each BMP are

h igh l ighted.
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The case study of the cost-effect iveness of conservat ion t i l lage in

reducing nonpoint phosphorus loadings is presented in Chapter I I I .  A

description of the Honey Creek watershed and a brief discussion. of the data

used in this analysis is presented. Cost-effect iveness est imates are

presented for targeted reductions of 10, 25, 50 and 75 percent in

phosphorus loadings from the watershed, with varying levels of rel iabi l i ty

for achieving the targeted reductions.

Cost-effectiveness estimates for POTWs in reducing phosphorus loadings are

presented in Chapter IV; The POTWs examined are primarily located in EPA

Region V and are facilities which were built or upgraded to go beyond

secondary treatment. A brief comparison of the BMP and POTW

cost-effect iveness est imates is presented in Chapter V.
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I I . COST-EFFECTIVENESS RANGE ESTIMATES FOR AGRICULTURAL BMPS

Managing agricultural nonpoint sources of pol lut ion presents a series of

complex control problems. The local ized nature of crop production

conditions, for example, makes adoption of a given BMP over a wide area

impractical in most cases. Sl ight changes in f ield condit ions, as

ind icated by a  rev iew of  the l i te ra ture, can have substant ial  effects on

both the cost of implementat ion and relat ive effect iveness of various

agricultural BMPs.

The cost-effectiveness range estimates presented in this chapter are

primari ly based on the review of the l i terature (as presented in Appendix

A) . Cost estimates are comprised of investment costs, annualized over the

expected life of the BMP, annual (operation and maintenance) costs and any

other changes in farm income resulting from changes in yields, cropped

acreage, etc. A/ Effectiveness range estimates, also based on published

l i terature, are given for reductions in both phosphorus and soi l  losses.

For purposes of the cost-effect iveness analysis of conservation t i l lage,

contouring, terracing, grassed waterways, and sediment basins, i t  is

assumed that soi l  loss under typical condit ions, before implementat ion of

any BMP, is in the range of 3 to 20 tons per acre per year, and phosphorus

loss ranges from 0.5 to 10 pounds per acre.per year. Of course, soil and

phosphorus losses will deviate from these ranges in some instances;

however, based on a review of the literature, these ranges appear typical.

Appropriate reductions are then estimated for each conservation practice

based on resu l ts  pub l ished in  the l i te ra ture .  Factors  cr i t i ca l  to  the

cost-effect iveness of each BMP are brief ly discussed. The overal l  results

are presented in Table II-1 and discussed by management practice below.

Investment costs are annualized using a capital recovery factory based
on a cost of capital  of 10 percent and the l i fe of the investment.
For purposes of this analysis, tax consequences including investment
tax  cred i t ,  deprec ia t ion,  e tc .  are  ignored.  A l l  cost  es t imates
presented in this chapter are based on 1985 dollars.

I I - 1



II-2

Table II-1. Estimated cost and effectiveness ranges of major Best Management Practices (BMPs)
used in the Great lakes Basin for agriculture production (per acre) 1/

Investment
costs

O&M Annualized
Yield Soil

Cost-effectiveness in 2/edge-of-field reduction of 
change loss

Phosphorous
loss Sediment 3/ Phosphorus 4/

--------------dol lars per acre------------- percent --percent reduction-- do l la rs / d o l l a r s /
ton 5/ pound 5/

NA = Not Applicable

1 / Cost and effectiveness estimates based on review of the literature is presented in Appendix A.

2 / Includes costs associated with physical outlays as well as changes in yield.

3 / Sediment losses before implementation of each BMP are estimated to range from 3 to 20 tons per acre.

4 / Phosphorus losses before implementation of each BMP are estimated to range from 0.5 to 10 pounds per acre.

5 / Cost-effectiveness estimates are calculated using the midpoint of the annualized cost range estimate for each BMP.

6 / Grassed waterway costs are estimated on the assumption that one acre of grassed waterway will serve 75 acres of cropland.

7 / Sediment basin costs are estimated on the assumption that each basin serves 8 acres of cropland.



A.  Conservat ion T i l lage

The common element in various defini t ions of conservation t i l lage is the

presence of crop residues on the soil surface to reduce water and wind

erosion. The plant residue also serves to increase retention of soi l

moisture. Conservation t i l lage systems disturb or invert the soi l  less

than convent iona l  t i l lage.

1 .  E f f e c t i v e n e s s

Most of the conservation t i l lage pract ices were designed for erosion

control rather than nutrient management, but with decreases in soil loss

there is usual ly a decrease in phosphorus leaving the f ield. Because soi l

lost to water and wind erosion is inversely related to the percentage of

the so i l  sur face covered by res idue,  conservat ion t i l lage is  e f fec t ive  in

reduc ing so i l  loss . The var ious forms o f  low t i l l .  (e .g . ,  ch ise l ,  d isk ing,

r idge-planting) reduce soi l  loss in the range of 30-60 percent or 1-12 tons

per acre whereas no-t i l l  general ly results in reductions of 60-90 percent

or 2-18 tons per acre (see, for example, Defiance Soil and Water

Conservation Distr ict,  1984).

The impact on phosphorus loads reaching a stream from changing tillage

systems is not quite as clear. The majori ty (e.g.,  80 percent; Clark et

a l . , 1985) of phosphorus in agricultural runoff is normally attached to

sediment. Controlling sediment loss should also control phosphorus loss.

However ,  w i th  less t i l lage,  fer t i l i zer  that  is  not  dr i l led  or  banded in to

the so i l  is  more l ike ly  to  get  car r ied away in  runof f .  Even so,  low t i l l

practices generally reduce phosphorus loss by 25-50 percent or 0.1-5.0

pounds per acre and no-t i l l  results in a 50-80 percent reduction or 0.3-8.0

sounds per acre (U.S. Corps of Engineers, 1981; Logan and Adams, 1981;

Logan and Forster, 1982; Mueller et al., 1983).

2 .  C o s t s

The annualized net investment cost stemming from the purchase of new

machinery complements (i.e., ch i se l  p l ow ,  d r i l l )  i s  e f f ec t i ve l y  ze ro  s i nce
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the machinery needed for each type of t i l lage is comparable in cost. In

fact, net long-run investment costs may be negative for conservation

t i l l a g e . With fewer f ield operat ions per year with conservation t i l lage,

a smaller equipment inventory may be adequate if all land can be managed

wi th  conservat ion t i l lage pract ices.

Operating costs and yields (returns) are also affected by changes in

t i l lage systems. Machinery labor and expenses for fuel,  oi l ,  and repairs

decrease as tillage decreases. The inverse may be true with herbicide

costs ,  i f  add i t iona l  herb ic ides are requ i red as t i l lage decreases.  In

general, operation and maintenance costs decrease from conventional tillage

by about 3 percent (or $3 to $7.50 per acre) for the various forms of

"reduced t i l lage" and about 7 percent ($5 to $15 per acre) with no-t i l l .

Yields can increase, decrease or remain constant depending upon soil

series, cl imatic condit ions, management techniques and t iming. Yield

variances of ± 10 percent for both corn and soybeans have been reported in

the literature (see, for example, Defiance Soil and Water Conservation

D is t r i c t ,  1984 ;  G r i f f i t h  e t  a l . ,  1977 ) .

3 .  Cos t -e f f ec t i veness

Given the above assumptions, and the cost and effect iveness ranges, i t  is

possible to estimate a cost range per unit of soil and phosphorus saved.

This cost-effectiveness is based upon the midpoint of the cost range

est imate for  implement ing conservat ion t i l lage ( -$3 to  -$7.50 for  low t i l l ,

and -$5 to  -$15 for  no- t i l l ) ,  the y ie ld  var iance and the e f fec t iveness

range .  2/ When cost-effect iveness est imates are negative, the est imates

are presented as "<0" rather than a specif ical ly quanti f ied est imate.

2 / The yield variance is based on crop budgets presented in Table III-1
(corn) and Table II I-2 (soybeans). In these budgets,
$300 and $220 per acre for corn and soybeans,

receipts are

respect ive ly .

I I - 4



Cost-effectiveness range estimates are shown below.

Result

Corn

Low till 10% yield decrease Soi l 2.10 to 27.50
Low t i l l  10% yield increase So i l < 0
No till 10% yield decrease So i l 1 . 1 0  1 1 . 1 0
No t i l l  10% yield increase Soi l <0

Low till 10% yield decrease
Low t i l l  10% yield increase
No till 10% yield decrease
No t i l l  10% yield increase

Phosphorus
Phosphorus
Phosphorus
Phosphorus

5.00 to 198
< 0

2.50 to 80
<0

Soybeans

Low till 10% yield decrease
Low t i l l  10% yield increase
No till 10% yield decrease
No t i l l  10% yield increase

So i l
Soi l
So i l
Soi l

1.40 to 18.60
<0

0.70 to  6 .70
<0

Low till 10% yield decrease
Low t i l l  10% yield increase
No till 10% yield decrease
No t i l l  10% yield increase

Phosphorus
Phosphorus
Phosphorus
Phosphorus

3.40 to 134
<0

1.50 to 48
<0

Item
Cost-effect iveness

range estimates
1985 dollars/pound

B .  Con tou r i ng

Contouring is a reasonably inexpensive BMP to implement; at the same time,

i t  is very effect ive in reducing large quanti t ies of soi l  and phosphorus

losses. General ly, contouring is pract iced in conjunction with other BMPs

inc lud ing conservat ion t i l lage,  s t r ip  c ropp ing,  and ter rac ing.

Accordingly, the cost-effect iveness of contouring in reducing soi l  and

phosphorus losses is di f f icult  to est imate. However, some general

conclusions can be drawn.

1 . Ef fec t iveness

The effect iveness of contouring in reducing soi l  and phosphorus losses is

somewhat di f f icult  to est imate because so many si te-specif ic factors are
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invo lved. Accordingly, a discussion of effectiveness can only be made with

cer ta in  assumpt ions regard ing the f ie ld  to  be contoured.  F i rs t ,  contour ing

is typically implemented on land with a slope ranging from 2 to 8 percent.

On land with slopes less than 2 percent, soi l  erosion is not general ly a

problem; on slopes with more than an 8 percent grade, other practices

(e.g., terracing) are more appropriate as contouring becomes much less

e f f e c t i v e .

Length of slope is also important in est imating the effect iveness of

contouring. When rainfal l  exceeds surface detention and inf i l t rat ion,

contoured rows may be washed, over by runoff. Generally, the maximum slope

length varies inversely with grade of slope. For example, on f ields with a

2 percent slope, contouring is general ly considered effect ive on slope

lengths up to 400 feet; conversely, on f ields with an 8 percent slope,

contouring is general ly considered effect ive on slope lengths up to 200.

feet ( for more detai l ,  see Stewart et al . ,  1975).

Rainfal l  patterns also inf luence the quanti ty of soi l  and phosphorus lost

from a contoured f ield. Of  impor tance is  not  on ly  the quant i ty  o f  ra in fa l l

but  a lso the in tens i ty  w i th  which ra in fa l l  occurs ;  together  these fac tors

de te rm ine  ra i n fa l l  e ros i v i t y . With other factors being equal,  the greater

the rainfal l  erosivi ty, the greater are the losses of soi l  and phosphorus;

this is true regardless of which BMPs are implemented. Generally, in EPA

Region V, rainfal l  erosivi ty increases from north to south (Wischmeier and

Smith, 1978).

In  add i t ion to  s lope and ra in fa l l  pat terns,  so i l  type a lso a f fec ts  the

absolute quanti ty of soi l  and phosphorus lost from a given f ield, and

accord ing ly  the cost -e f fec t iveness o f  contour ing.  Genera l ly ,  contour ing is

more e f fec t ive  on so i ls  that  read i ly  a l low water  in f i l t ra t ion,  have large

par t ic le  s izes and are s t i l l  reasonably  cohes ive.  Contour ing on poor ly

drained soils can actually aggravate wetness problems.

The type of crop grown wil l  also inf luence the effect iveness of contouring.

For example, larger losses of soi l  and phosphorus are typical with(for) row
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crops than with(for) closely planted crops such as small  grains. However,

percentage reductions of soil and phosphorus losses should be comparable on

row crops versus closely planted crops on contour and straight t i l led

fields (see, for example, Johnson and Moore, 1978; Bedell et al., 1946).

F ina l ly ,  the quant i ty  o f  phosphorus in  the upper  leve ls  o f  the so i l  pro f i le

wil l  also affect the absolute quanti ty of phosphorus losses. The higher

the phosphorus content in the soi l  prof i le, the higher the potential

phosphorus loss.

Given the general conditions delineated regarding slope and slope length,

contouring can reduce soil losses by 40 to 80 percent and phosphorus losses

by 35 to 75 percent. Depending on rainfal l  patterns, soi l  type, and crop,

contouring wil l  reduce soi l  losses in the range of 1.2 to 16 tons per acre

per year; similarly phosphorus losses wil l  normally be reduced by 0.2 to

7.5 pounds per acre per year (see, for example, Bedell et al., 1946; Van

Doren et al. , 1970; International Joint Commission, 1983).

2 .  C o s t s

Contouring cost estimates are reasonably easy to assess. The principal

costs are associated with reduced machinery and labor efficiency resulting

f r o m  i r r e g u l a r  f i e l d  t i l l a g e . A l though dev ia t ions wi l l  ex is t ,  operat ing,

and maintenance costs will generally be in the range of $3 to $6 per acre

as supported in the literature (see, for example, Toups Corp., 1977; Smith,

e t  a l . , 1979; Quinn et al. , 1984). Operating and maintenance costs will be

at the lower end of this range when contours are reasonably uniform

throughout  the length  o f  the f ie ld . When contours are more irregular,

operating and maintenance costs will be in the upper end of the estimated

range.

Contouring investments are relatively modest, with' surveying to determine

the proper layout of contours being the principal component. Investment

costs  typ ica l ly  wi l l  range f rom $3 to  $12 per  acre.  Costs  wi l l  vary

depending on topography (the more variable, the higher the cost) and the

sophist icat ion with which the contours are laid out. Add i t i ona l l y ,
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contouring will have a higher investment cost when strip cropping is

implemented in conjunction with contouring. Annualized investment and

operating and maintenance costs for contouring (based on an expected

investment life of 10 years) are estimated to range from approximately

$3.50 to $8.00 per acre.

Potential yield increases could effectively negate the cost increases

associated with contouring. However, yield increases are not well

documented in EPA Region V with only one study showing yield changes (Van

Doren et al., 1950); hence, for purposes of this analysis, yield changes

under contouring are considered negligible.

3. Cost-effectiveness

As indicated in the previous two sections, costs associated with contour

tillage and its effectiveness in reducing soil and phosphorus losses vary

considerably depending on site-specific conditions. By using the midpoint

of the cost range estimate ($3.50 to $8.00 per acre) and the range

estimates for soil and phosphorus reductions resulting from contouring, the

cost-effectiveness estimates are calculated and presented below.

Item
Cost-effectiveness range
estimates for contouring

1985 dollars/acre/year

Soi l $0.36 to $4.79 per ton
Phosphorus $0.77 to $32.86 per pound

C. Terraces

Terracing is another support practice that is generally used in conjunction

with other management practices such as conservation tillage. Terraces are

designed to reduce effective slope length and runoff concentration

thereby reducing erosion. A terrace is an earthen embankment, channel, or

combination of ridge and channel constructed parallel to the slope of a

f i e l d .
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1. Effect iveness

In  add i t ion to  a l lowing t ime for  so i l  par t ic les  (and the nut r ients  there in)

to sett le out of suspension, ponding of runoff behind terraces can increase

in f i l t ra t ion and therefore  reduce sur face runof f .  In format ion rev iewed

indicates that soi l  loss is general ly reduced by 50 to 90 percent (with

more occurrences in the 70 to 90 percent range) or 1.5 to 18 tons per acre

(see, for example, META, 1979; Haith and Loehr, 1979; Bos, 1983; Starr,

1983).

Reductions in phosphorus loss can also be quite high at 50 to 75 percent

or 0.25 to 7.5 pounds per acre (see, for example, Burwell et al., 1974;

Haith and Loehr, 1979; International Joint Commission, 1983). There may be

a potential  trade-off  to be examined, however. Because terraces retain

soil on the land, they do reduce losses of adsorbed substances such as

phosphorus. With the runoff being held on the land for a longer period of

time, there may be actual increases in the loss of soluble phosphorus to

the ground water below the terraced field. Research up to this time has

been inconclusive.

2 .  C o s t s

Terraces are usually constructed on land with up to a 12 percent slope.

Beyond that grade they are considered impractical because the steeper

backslopes tend to negate the benefits of the terrace (see, for example,

Burwell ,  1974; Haith and Loehr, 1979): Because each terrace instal lat ion

must be designed to meet the part icular characterist ics of that si te, costs

of terracing are very site specific and cover a broad range. Based upon

the l i terature reviewed and information provided by Soil  Conservation

Service (SCS) off ic ials, establ ishment costs for terracing are est imated to

range from $0.35 to $2.40/foot (Lake and Morrison, 1977; Haith and Loehr,

1979; Lewis, 1985). Though there is no f ixed rat io for feet of terrace per

acre of land, a reasonable range is 175 to 300 l inear feet of terrace per

acre . This implies an average per acre cost of $61.25 to $720. Higher

capital costs stem from terraces which are narrower and steeper.

I I - 9



Upkeep of the outlet and periodical removal of sedimentation from the

channel are necessary maintenance operations with terraces. Five percent

of the original investment costs per year is generally estimated for these

operations. Thus, operation and maintenance costs range from approximately

$3 to $36 per acre. Upkeep of the terrace and its outlet will influence

its life and hence, its cost-effectiveness (META, 1979; Bos, 1983; EPA

Report to Congress, 1984).

As with other BMPs, crop yields may decrease, increase or remain constant

after terraces are installed. Again it is dependent upon the climate and

soil characteristics, with yields increasing in dry, arid areas when

terraces are used. It should also be noted that the acreage base is

reduced with some terraces as land required for the water channel and

terrace cannot be planted (META, 1979; Starr, 1983).

Terraces, if properly constructed and maintained, may be expected to have

a life expectancy of approximately 20 years. The total annualized cost of

terraces per acre of land, given the above estimates, ranges from

approximately $10.20 to $120.64.

3. Cost-effectiveness

Given the ranges and assumptions, and using the midpoint, annualized cost

estimate of $65.40 an acre, the cost-effectiveness range is presented

below.

Item Cost-effectiveness Range
1985 dollars/acre/year

Soil $3.63 to $43.60 per ton
Phosphorus $8.72 to $261.60 per pound

D. Grassed Waterways

Grassed waterways are natural or constructed vegetated depressions which

retain and redirect runoff water while preventing the formation of rills or

gu l l ies . Grassed waterways reduce erosion more than runoff volume and thus
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are best used in conjunction with other runoff reducing practices such as

conservation tillage and contouring.

1. Effectiveness

Reducing the sediment load leaving a field with the use of a grassed

waterway can be quite effective. Although some of the reduction is due to

elimination of erosion in the waterway itself, much of the reduction is due

to deposition in and along the waterway. Under typical conditions grassed

waterways reduce sedimentation about 60 to 80 percent or 2 to 16 tons per

acre (see, for example, Foster et al., 1979; Logan and Forster, 1982; Bos,

1983).

Reductions in phosphorus losses based on a review of the literature are

estimated to be approximately 40 to 50 percent (0.20 to 5 pounds per acre).

This lower reduction, compared to sediment control, is due to the fact that

there is still considerable runoff and thus soluble phosphorus losses.

Because of this, grassed waterways are most effective when used in

conjunction with a management practice such as conservation tillage.

Vegetation type and topography of the drained area are considered to be the

critical factors in determining effectiveness of grassed waterways.

2. Costs

Costs for grassed waterways are quite site-specific, as size of the

waterways are a function of the watershed slope and acres drained.

Estimates by SCS officials and other researchers place the investment costs

of grassed waterways between $1,200 and $3,000 per acre of grassed waterway

(Lake and Morrison, 1977; Logan and Forster, 1982; Clark, 1985; Lewis,

1985). One acre of grassed waterway will service approximately 75 acres of

croplands, so the implicit cost per acre ranges from $16 to $40. This cost

is comprised of earthmoving and shaping, seeding and fertilizing expenses.

As with terraces; annual operation and maintenance costs are estimated to

be about 5 percent of the initial investment (Humenik et al., 1983)
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generally ranging from $0.80 to $2.00 per year for each acre of cropland

served. Total annualized costs for grassed waterways, based on an expected

investment life of 20 years, are $2.70 to $6.70 per acre.

Grassed waterways have no direct effect on crop yields. However, some of

the acreage base for growing crops is reduced since the grassed waterway

itself only provides forage.

3. Cost-effectiveness

Again, the cost-effectiveness is calculated from the midpoint of the

annualized cost range estimate of $2.70 to $6.70 for grassed waterways, and

the reductions in soil and phosphorus losses presented above. These

cost-effectiveness estimates are based on the assumption that one acre of

grassed waterway will serve 75 acres of cropland.

Item Cost-effectiveness Range
1985 dollars/acre/year

Soil $0.29 to $2.61 per ton
Phosphorus $0.94 to $23.50 per pound

E. Fertilizer Management

While fertilizers are not major contributors of nutrients to water bodies

(Crosson, 1983); reducing the amount of fertilizer applied or the

vulnerability of ferti l izer to runoff can help to diminish the rate of

eutrophication in surface water and ground water.

1. Effectiveness

In the Great Lakes Basin, excessive fertilization with phosphorus may cause

higher levels of nutrient runoff into surface waters. The effectiveness of

fertilizer management practices therefore depends on fertilizer application

rates, methods of application, timing of applications, soil characteristics

and crops grown. Unfortunately, no estimates on reductions in phosphorus
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loads are available. As a result, cost-effectiveness estimates cannot be

provided.

2. Costs

Cost associated with fertilizer management are generally either for soil

testing or increased costs associated with alternative application

procedures. State extension services generally recommend soil tests every

three years, with a single test recommended for every 30 to 45 acres

harvested; accordingly, the annual cost per acre for soil testing is

negl igible.

Costs associated with injecting or otherwise incorporating phosphate

fertil izers are also relatively minor. Generally, the additional costs

would be in the range of $1 to $5 per acre per year. Costs for split

applications would be in the upper end of this range.

F. Sediment Basins

Sediment basins are catchments designed to impound agricultural runoff

water long enough for suspended sediment and adsorbed nutrients to settle

out. These ponds, designed to collect pollutants after they leave the

field but before they can cause environmental damage, are typically

constructed along a stream or between a field and a waterway.

1. Effectiveness

The effectiveness of sediment basins in reducing nonpoint pollution depends

on the design criterion, i.e., the relationship between the sediment

basin's volume and the volume of water flowing through it in a particular

storm. The larger the basin relative to inflow, the greater the

effectiveness of the basin.

Sediment removal efficiencies have reportedly been greater than 90 percent

when basins are properly constructed and maintained (Dendy, 1974; Robbins



and Carter, 1975). However, sediment removal efficiencies are more

typically in the range of 60 to 95 percent (Brown et al., 1981; Box, 1983)

or 1.8 to 19 tons per acre per year.

Phosphorus removal efficiency through the use of sediment basins is

somewhat lower than sediment removal. This is due to the fact that soluble

phosphorus is not controlled by sediment basins. Also, a relatively large

amount of phosphorus is adsorbed to small clay particles which do not

readily settle out (Brown et al., 1981). Typically, sediment basins are

effective in removing from 25 to 50 percent of total phosphorus from

stormwater runoff (Brown et al., 1981, Bos, 1983).

2. Costs

The cost of constructing and maintaining sediment basins is often cited as

their major disadvantage. Sediment basin size is a major cost-determining

factor and is dependent on several variables including frequency and

intensity of rainfall, area drained, soil type, and topography. Sediment

basin size is usually expressed in terms of the area drained. Typical

basins in the Great Lakes region serve from 5 to 10 acres. Construction

costs include earthwork and outlet construction, and range from $1,000 to

$1,500 per structure for basins serving 5 to 10 acres (Hemmer, 1985).

Operating and maintenance costs are approximately 10 percent of the

construction cost per year (Hemmer, 1985). Maintenance activities include

mowing vegetative cover in and around the basin and periodically cleaning

out material that has accumulated in the basin. This lat ter act iv i ty is

important for maintaining the basin's suspended solids removal efficiency.

The number of times. a basin needs cleaning depends on the amount of

rainfall and the number of major storms. Basins may need cleaning several

times per year or several years may elapse before dredging is necessary.

In the Great Lakes basin a typical timeframe is one cleaning for every one

to three years.

Sediment basins are expected to have a life of 10 years with appropriate

maintenence (Hemmer, 1985; Halverson, 1986). Assuming a typical basin
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serves 5 to 10 acres and costs from $1,000 to $1,500 to construct, total

annualized costs would range from $26.30 to $78.80 per acre per year.

3. Cost-effectiveness

Given the ranges of effectiveness and the midpoint of annualized cost of

$52.55 per acre per year the cost-effectiveness range is presented below.

Item

Soil
Phosphorus

Cost-effectiveness Range
1985 dollars/acre/year

$2.77 to $29.20
$10.50 to $420.00

As with many of the agricultural BMPs, the costs of implementing livestock

exclusions is highly variable by site. Similarly, the effectiveness of

livestock exclusions in reducing nonpoint phosphorus loadings to streams is

dependent on the physical characteristics of the site; unfortunately, few

quantitative estimates are available regarding the effectiveness of

livestock exclusions. Nevertheless, some general conclusions can be drawn.

G. Livestock Exclusions

1. Effectiveness

Factors which contribute to the general effectiveness of livestock

exclusions are slope of streambank, accessibility of the stream by

livestock, streambank soil stabil ity, stream flow and variation in stream

flow, and the ability of the stream in question to assimilate contaminants.

No estimates of the effectiveness of livestock exclusions in reducing

nonpoint phosphorus loadings in streams are available for the Great Lakes

Basin. Estimates from the livestock exclusion Rural Clean Water Program

(RCWP) experiment in Florida will be forthcoming; however, data are not

currently available (Ritter, 1985), While it has been estimated that

phosphorus load reductions in excess of 30 percent can be expected from
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adoption of livestock exclusions (Bos, 1983), no more definitive estimates

are available. As a result, cost-effectiveness estimates cannot be

provided.

2. Costs

While the cost of livestock exclusions is dependent on the physical and

topographical setting, costs can be estimated for a typical situation. For

example, a quarter section (160 acre) pasture with a stream running through

the middle would require fencing on both sides of the stream, a distance of

approximately one mile. Total estimated investment costs, based on SCS

estimates, are in the range of $2,100 to $2,400 per mile of fence.

Additional investment costs would also be necessary for two access ramps,

at a total cost of $500 to $1,000. Operation and maintenance costs for

both the fence and water access ramps are estimated to be 5 percent of

total investment costs or approximately $130 to $170 per year (Hemmer,

1985).

With an estimated life for both the fencing and water access ramps of 20

years, total

$375 to $490

annualized costs are estimated to range from approximately

per year in this hypothetical example.

H. Feedlot Runoff Waste Management

Feedlot runoff control systems generally consist of a diversion that

prohibits the entry of unpolluted water into the feedlot, a collection and

storage (settling basin/detention pond) system where most of the pollutants

are separated from the water and a dispersion system for the effluent. A

dispersion system which involves applying the effluent via irrigation to

cropland is sometimes referred to as a zero discharge system; another

dispersion system which consists of a sloped vegetated area through which the

effluent is forced to flow is called a vegetative filter system

(Vanderholm et al., 1979).

The costs and effectiveness of feedlot runoff waste management are examined

in this section, based on a review of the literature. For purposes of this
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analysis, estimates for 100, 500 and 1,000 head beef feedlots with

vegetative filter runoff control systems are presented. (According to the

literature reviewed, zero discharge systems are not as cost-effective as

the vegetative filter systems in controlling phosphorus pollution.) No

allowances are made in this analysis for the value of the nutrients saved

from the waste management system.

1. Effectiveness

Vegetative filter systems are quite effective in preventing considerable

quantities of pollutants from entering surface waters. Under typical

conditions, approximately 80 to 90 percent of solids and 70 to 95 percent

of phosphorus will be controlled via a vegetative filter feedlot runoff

control system (see, for example, Sutton et al., 1976; Vanderholm et al.,

1979; and Young et al., 1980).

Actual quantities of phosphorus and solids contained in runoff is highly

variable from location to location as well as from year to year (Madden and

Dornbush, 1971). Consequently, typical values are difficult to predict.

However, based on published research, typical

losses are estimated to range from 1.5 to 5.0

(Young et al., 1980; Vanderholm et al., 1979;

1971).

2 .  Cos ts

annual phosphorus runoff

pounds per 1,000-pound cow

and Madden and Dornbush,

Costs for the feedlot runoff control system are directly related to feedlot

size. In addition, costs will vary depending on site-specific factors such

as topography, climate (especially rainfall patterns) and other factors

such as management of the feedlot and type of system installed.

Investment costs associated with vegetative filter feedlot runoff controls

include earth moving, settling basin construction costs and development of

a vegetat ive f i l ter . Major operating and maintenence costs are

expenditures for repair, taxes, insurance and labor.
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Investment, operating and maintenence and total annualized cost range.

estimates (based on expected life of 20 years) are presented below. These

cost estimates are based on several studies including David et al., 1973;

Pherson, 1974; Buxton and Ziegler, 1974; Johnson and Davis, 1975; Miner et

a l . , 1970; Vanderholm et al., 1979; and Young et al., 1980.

3. Cost-effectiveness

estimates of vegetative filters in reducingThe cost-effectiveness

phosphorus pollution, calculated from the midpoint of the annualized cost

estimates, are presented below.

Cost ranges
Feedlot capacity Investment O & M Annualized

(head) ( - - - - - - - - - - - - - - - - - - - - -1985 dollars.-------------------)

100 5,000 - 12,000 300 - 600 890 - 2,010
500 9,000 - 16,000 400 - 800 1,460 - 2,680

1000 11,000 - 20,000 500 - 1,000 1,790 - 3,350

Feedlot capacity Cost-effectiveness range
(head) (1985 dollars/pound of phosphorus)

100 3.05 - 13.80
500 0.90 - 3.95

1000 0.55 - 2.45
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I I I . COST-EFFECTIVENESS OF CONSERVATION TILLAGE IN REDUCING
PHOSPHORUS POLLUTION -- THE HONEY CREEK CASE STUDY

In this chapter, the cost-effectiveness of conservation tillage in reducing

nonpoint phosphorus pollution is examined for a specific watershed. The

results from this case study of the Honey Creek watershed in north central

Ohio are subsequently compared with POTW cost-effectiveness estimates for

the Great Lakes region developed and presented in Chapter IV. A map

depicting the relationship between the watershed and part of the Lake Erie

drainage is presented in Figure III-1.

Conservation tillage is a widely publicized agricultural management

practice that relies on tillage practices which leave substantial

quantities of organic matter on the soil surface. The environmental

consequences of this practice are decreased losses in sediment and

nutrients -- of which phosphorus is the primary concern of this study --

and potentially increased levels of pesticide pollution in both surface

and ground waters. Because of the increased threat of pesticide pollution,

the consequences of basin-wide adoption of conservation tillage are

examined in this case study. Furthermore, because of the variable nature

of storm events which affect the reliability of conservation tillage in

controlling phosphorus losses (as well as the potential for pesticide

pollution damage), probability distributions for these factors are also

incorporated into the case study.

This chapter is comprised of four major sections. The first section

summarizes the background and approach taken for the case study. Modeling

considerations and development, with emphasis on the linear programing

model, are then presented. The data used in the analysis are presented in

the third section with the cost-effectiveness estimates presented in the

f inal  sect ion.
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III-2

Figure I I I -1. The Honey Creek watershed in relation to partial drainage of Lake Erie.



A. Background and General Approach

The Honey Creek basin is a 392 sq. km (151 sq. mi.) agricultural watershed

in the Lake Erie drainage basin of north central Ohio; the watershed is

located in Seneca, Huron and Crawford counties. A 1979 land use inventory

indicated that approximately 82% of the basin was in agricultural use, with

row crops (corn and soybeans) being the predominant crops (Cahill et al.,

1979). Like much of the other agricultural land in the Lake Erie drainage

basin, storm runoff from the watershed has been identified as a source of

phosphorus loads to Lake Erie. In addit ion, monitor ing studies have

identified pesticide concentrations in Honey Creek surface waters and

nearby public drinking water supplies (Baker, 1985); The U.S. Army Corps

of Engineers targeted the Lake Erie drainage basin, and Honey Creek in

particular, for special nonpoint source control programs using conservation

tillage to reduce phosphorus loadings. The Corps' study, which relied

heavily on the ability of local farmers to successfully apply conservation

t i l lage pract ices, took place during the three-year period from 1979 to

1982 (U.S. Army Corps of Engineers, 1982).

Because the Honey Creek basin has been a field demonstration and research

watershed for conservation tillage controls, a great deal. of agronomic,

economic and water quality data are available. This suggests a logical

starting point for developing detailed edge-of-stream cost-effectiveness

estimates for phosphorus removal using actual test data. Area-specific

crop budgets were developed from the 1979-1985 conservation tillage

demonstration reports. These reports were developed by the local Soil and

Water Conservation District, from information developed by Soil and Water

Conservation District personnel, and statewide enterprise budgets developed

by the Ohio State University Extension Service. Budget data for each crop

and rotation pattern included the quantity and timing of all nutrient,

herbicide and insecticide applications to the land unit (acre).

Production activities described in the model were continuous and rotating

cultivation of corn or soybeans using conventional, reduced and no-till
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practices and a corn-soybean rotation using the three methods of tillage.

These tillage practices are delineated on the basis of the amount of plant

residue left on the field and the extent of soil disturbance (Duffy and

Hanthorn, 1984). Conventional till includes primary and secondary tillage

for seedbed preparation and cultivation resulting in complete loss or

burial of crop residue. Reduced till involves less surface disruption with

increased herbicide use for weed control and a minimum 30 percent crop

residue remaining at planting time. No-till practices leave a high percent
of crop residue and rely more heavily on herbicides, disturbing only a

small part of the land surface. Permanent pasture (hay) was also included

as a nonpoint control activity. Because conservation tillage is the

primary focus of regulatory control in this area, alternative BMPs are not

considered in this study.

Cropland soils in the basin were classified into productivity groups based

primarily on soil moisture characteristics and the adaptability of the

soils to row crop conservation tillage practices (Cahill et al., 1979).

These groups were broadly defined as: well drained and always suitable for

conservation tillage (Class I, 9.2 percent); moderately well drained and

suitable for conservation tillage with late planting (Class II, 39.9

percent); suitable for conservation tillage only with adequate drainage

(Class III, 37.7 percent); and poorly drained and unsuitable for

conservation tillage (Class IV, 13.2 percent). Yield increases were

estimated for reduced and no-till applications on Class I and II soils on

the basis of demonstration plot results for the basin. Demonstration plot

results also provided the basis for estimating decreased yields on Class

III and IV soils with conservation tillage.

B. Modeling Considerations and Development

Agricultural nonpoint pollution is a complex process involving the

transport, fate and effects of multiple natural and synthetic substances in

surface and ground waters. Since nonpoint sources are extremely difficult

and expensive to quantify on a field trial basis, mathematical models are
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III-5

frequently used. Mathematical models which attempt to simulate this

complex process inevitably require tradeoffs between spatial scale, edaphic

detail, pollutants considered, hydrologic features, water quality

indicators and the temporal behavior of this process. Most studies to date

of the economic cost of nonpoint pollution controls have used deterministic

(linear programming) models representing steady state conditions.

Typically these models are either field or watershed scale.

Field level studies have generally focused on gross soil loss using the

Universal Soil Loss Equation (USLE) as the primary model of the surface

erosion process. The USLE predicts gross soil loss per acre for various

soil types and terrains based on long-term average precipitation for

different regions of the country. Nutrient (phosphorus and nitrogen)

losses are usually assumed to be a fixed fraction of soil loss. Crowder et

al. (1984) used a more advanced field scale model to simulate annual

edge-of-field losses for sediment, nutrients and pesticides under daily

precipitation conditions. Watershed level studies of nonpoint control

costs have considered sediment losses (Lovejoy et al., 1985) and sediment

with nutrient losses (Kramer et al., 1984). Neither field nor watershed

level studies have related field losses to receiving surface or ground

water quality, although Chapra et al. (1983) have used a model to convert

nonpoint surface water loads to total phosphorus concentrations in the

Great Lakes.

Inherent in these nonpoint source modeling efforts is the premise that

long-term average (expected value) loads and/or concentrations are the

appropriate control variable for water quality regulation. If the

pollutant load distribution is normally distributed (i.e., 50 percent of

the observations are above the average value and 50 percent are below and

the distribution is not skewed), this approach ignores the fact that

nonpoint controls would not achieve expected annual load reductions 50

percent of the time. Conversely, point source controls are designed to

meet specific pollutant removal levels and reliabil ity criteria consistent

with government regulations. Point source controls consider the cost and



likelihood of achieving water quality objectives. Given that nonpoint

loads are primarily event-related phenomena that deliver pulses of varying

mixture and concentration of pollutants to surface and ground waters, a

more comprehensive modeling framework is required to provide planning

information about the cost of controlling these stochastic discharges.

1. Modeling of Pesticide and Phosphorus Loading Functions

EPA analysts developed estimates of pesticide and phosphorus loading

functions for alternative agricultural land use practices in the Honey

Creek watershed (Milon, undated). An integrated watershed simulation model

was used to generate probability distributions for both pesticides and

phosphorus. The probabilistic methodology was used in order to provide a

realistic basis to test the cost-effectiveness of BMPs in controlling

intermittent nonpoint source loads and a consistent framework for comparing

the cost-effectiveness of non-stochastic point source controls (e.g.,

POTWs).

To demonstrate the stochastic control framework, surface runoff and soil

infiltration models were combined to estimate expected values and

distributions of the transfer coefficients for alternative BMP controls on

agricultural chemicals in surface water and groundwater in an agricultural

watershed. The Pesticide Root Zone Model (PRZM) (Carsel et al., 1984) was

the primary model used to simulate the land/soil phase of BMP controls.

PRZM is a dynamic finite-difference model of chemical fate and transport

through the soil profile to groundwater and through runoff to surface

water. The soil profile is represented as a series of layered compartments

within which advection, dispersion, degradation, and plant uptake are

represented. Daily water balance calculations are used to determine

runoff, evapotranspiration and infiltration. The calculated runoff volume

is used to estimate (gross) erosion losses; both runoff and erosion were

used to estimate surface pesticide loads.
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Runoff and erosion loads, as developed through use of PRZM, were used by

EPA analysts (Milon, undated) with the Stream Transport and Agricultural

Runoff of Pesticides for Exposure Assessment: A Methodology (STREAM)

(Donigian et al., 1984) modeling procedures to determine surface water

pesticide concentrations at a watershed outlet. STREAM estimates the

exceedance probabilities for pesticide concentrations with alternative

runoff event durations (1, 2, 4 and 30 day durations).

To calculate pesticide concentrations in groundwater, pesticide loads from

PRZM were input by EPA analysts (Milon, undated) to the groundwater model

originally developed by Yeh (1981). This model is designed to simulate

pulse inputs of contaminants such as those from agricultural nonpoint

sources.

Both PRZM and STREAM are primarily pesticide/sediment/runoff models that do

not consider nutrient loads. In this application, simulation results on

stream channel sedimentation from the Hydrological Simulation

Program-Fortran (HSPF) were used with event based loading functions

developed by Haith and Tubbs (1981) to estimate nutrient (phosphorus and

nitrogen) transfer coefficients for surface and ground waters (Milon,

undated).

The use of these models resulted in estimates of edge-of-stream phosphorus

loadings for the different crops and tillage practices. Phosphorus loading

estimates were derived for four reliability thresholds: 50, 60, 75 and 95

percent. 1/

Finally, through study of the fate and transport of pesticides under the

different crops and tillage practices, restrictions in pesticide usage

1 / Phosphorus loading estimates are based on a probability distribution.
For example, with the phosphorus load value (in pounds per acre of
cropland) corresponding with the 95 percent reliability threshold,
actual phosphorus loadings would be at or below the estimated quantity
95 percent of the time. Interpretation of the other thresholds is the
same. Assuming normality of the phosphorus loading probability
distribution, the 50 percent reliability threshold would actually be
the expected long-term average phosphorus loading.
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necessary to meet drinking water standards were estimated. Crop production

costs and returns were then estimated under two pesticide restriction

levels. 2/ These data were used in the linear programing model, described

below, to estimate the cost-effectiveness of conservation tillage in

reducing phosphorus loadings, subject to pesticide usage constraints.

2. Linear Programming Model

The phosphorus loading estimates and the crop production budgets which are

presented in the following section are inputs to a linear programing model

used to estimate the cost-effectiveness of achieving phosphorus load

reductions with conservation tillage. Linear programing (LP) is a

planning method that is helpful in decisions requiring a choice among

alternatives given a set of constraints. Three components of a linear

programing model are: 1) an objective function (in this case income

maximization); 2) restrictions which typically take the form of resource

l imitat ions (e.g. , available crop acreage and phosphorus loading

restrictions); and 3) alternative combinations of these resources in the

production process. An LP model maximizes or minimizes the objective

function subject to these specific constraints. A linear programing model

for a maximization problem may be written as:

(1)

subject to the input-output relationships and the resource levels:

(2)

(2.1)

2 / Pesticide restriction levels were set so that Recommended Maximum
Contamination Levels (RMCLs) for pesticides were met with (1) 50
percent rel iabi l i ty,  and (2) 95 percent rel iabi l i ty.

I I I - 8



In a compact form the problem can be rewritten as:

maximize (1a)

subject to:

(2a)

(2.1a)

where

= 1 , 2 , . . . . . m resources and j = 1, 2, . . . . n activities,

= the objective function,

= per unit prices, net incomes, or costs of associated activities

= the possible level of alternative activit ies,

= the requirements of resource i per unit of activity j,

and

= the resource availabilities of the m resources.

The objective function for this linear programing model. developed for the

Honey Creek watershed was to maximize returns to land and management given

constraints on total acreage, acreage of various enterprises, and

phosphorus loading. Returns to management and land was deemed a more

appropriate objective value than net income because management is a

somewhat arbitrary figure in enterprise budgets, and land values vary

substantially between states and regions. Therefore, sensitivity of the

model to site location was reduced. These LP model data inputs are

presented in the following section.

C. The Data 

Two major data items are necessary as inputs into the LP model. First, the

per acre return estimates for each crop enterprise are taken from crop
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production budgets and comprise the objective function(s) of the LP model.

3/ The second input is the phosphorus loss estimates for each crop

enterprise associated with the various phosphorus control reliability

levels. These estimates along with available acreage, make up the

constraints for the LP model. Both data items are discussed in this

section.

1. Crop Production Budgets

Crop production budgets for the Honey Creek watershed were developed from

several sources. Yield data were derived from conservation tillage field

demonstration projects conducted from 1979 through 1985 by the local Soil

and Water Conservation District. Estimates of variable costs including

seed, fertilizer, chemicals, fuel, trucking, repairs, etc. were obtained

from Soil and Water Conservation District personnel and statewide

enterprise production budgets as developed by the Ohio State University

Extension Service. Other costs were also obtained from the statewide

enterprise production budgets.

In this section three sets of crop production budgets are presented,

corresponding to different pesticide contamination control levels. An

analysis is also presented regarding the effects of implementing

conservation tillage on the various land classes in the watershed.

a. Crop production budgets with no pesticide use restrictions

Tables III-1 and III-2 depict the enterprise budget for continuously

planted corn and soybeans, respectively, in the Honey Creek watershed in

8985 under the three tillage practices. Table III-3 depicts the average

annual receipts, costs and returns for corn and soybean rotations; this

3 / Three sets of crop production budgets were developed to specify three
objective functions.
restrictions. The final two sets of budgets depict pesticide

The first set of budgets have no pesticide use

restrictions sufficient to meet RMCLs with 50 and 95 percent
r e l i a b i l i t y .
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Table III-1. Ohio Extension Service continuous corn production budgets, 1985

Item Explanation
Conventional

T i l l
Reduced
T i l l No-Till

- - - - - - - - - - - - - 1 9 8 5  d o l l a r s / a c r e - - - - - - - - - - - - -

Receipts
Yields (bushels)

Conventional
127

2.50/bushel $318 $310 $303

Reduced No-Till
124 121

Variable Costs
Seed (kernels) 24.200k @ .90/1000 kernels
Fer t i l i ze r

N 140 lbs @ .20/lb

p2°s 44 lbs @ .22/lb

K2° 60 lbs @ .11/lb

Lime 1000 lbs @ 15.00/Ton

Chemicals

22 22 22

28 28 28

10 10 10

7 7 7

8 8 8

Conventional Reduced

Carbofuran - $12 Carbofuran - $12
Atrazine - $4 Atrazine - $4
Alachlor - $10 Alachlor - $13

Isotox - $1

No-T i l l

Carbofuran - $12
Atrazine - $4
Alachlor - $15
Isotox - $1
Paraquat - $8

26 30 40

Fuel, Oil & Grease 18 14 12
Drying - Fuel and Electric Only .15/bu 18 18 18
Trucking - Fuel only 2 2 2
Repairs 18 16 14
Miscellaneous 12 12 12
Interest on Operating Capital 10 10 10

Total Variable Cost 179 177 183

Other Costs
Labor Charge
Machine and Equipment Charge

Total Other Costs

Returns to Management and Land

15 12 9
50 50 50

65 62 59

74 71 61

Source: Eased on Ohio State University Extension Service enterprise budgets, Honey Creek watershed
demonstration plot results and Personal communications with EPA officials.
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Item

Table 111-2. Ohio Extension Service continuous soybean production budgets, 1985

Conventional Reduced
Explanation T i l l T i l l No-Till

Receipts
Yields (bushels)

5.80/bushel

Conventional Reduced No-Till
43 41 43

Variable Costs
Seed ,
F e r t i l i z e r

1 bu. @ 13.00/bu

p205 40 lbs @ .22/lb

K2° 55 lbs @ .11/lb
Lime 1000 lbs @ 15.00/Ton

Manganese 6 lbs @ .20/lb

Chemicals

Conventional Reduced

Metribuzin - $12 Metribuzin - $12
Alachlor - $10 Alachlor - $10

Paraquat - $8
Metalaxyl - $3

No-Till 22 33 43

Metribuzin - $16
Alachlor - $16
Paraquat - $8
Metalaxyl - $3

Fuel, Oil & Grease
Trucking - Fuel Only
Repairs
Miscellaneous
Interest on Operating Capital

18 14 12
1 1 1

17 16 15
12 12 12
7 8 8

Total Variable Cost 114 121 128

Other Costs
Labor Charge
Machine and Equipment Charge

Total Other Costs

14 11
50 50

64 61

8
50

58

64Returns to Management and Land 72 56

1985 dollars/acre

$250 $238 $250

13 13

9 9 9

6 6 6

8 8 8

1 1 1

13

Source: Based on Ohio State University Extension Service enterprise budgets, Honey Creek watershed
demonstration plot results and personal communications with EPA officials.
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T a b l e  I I I - 3 . O h i o  E x t e n s i o n  S e r v i c e  p r o d u c t i o n  b u d g e t s
f o r  c o r n  a n d  s o y b e a n  r o t a t i o n s ,  1 9 8 5

C o n v e n t i o n a l Reduced
I t e m T i l l T i l l N o - T i l l

- - - - - - - - - - - - 1 9 8 5 d o l l a r s / a c r e - - - - - - - - - - -

R e c e i p t s  1/ 284 273 277

T o t a l  V a r i a b l e  C o s t  P e r  A c r e  2 / 139 141 148

T o t a l  O t h e r  C o s t s  3/ 6 5 62 59

R e t u r n s  t o  M a n a g e m e n t  a n d  L a n d 8 0 70 70

1 / B a s e d  o n  t h e  f o l l o w i n g  y i e l d s  a n d  p r i c e s  ( d i s c r e p a n c i e s  d u e  t o
r o u n d i n g ) :

P r i c e C o n v e n t i o n a l  t i l l R e d u c e d  t i l l N o - t i l l
$ / b u s h e l - - - - - - b u s h e l s / a c r e f o r  t w o  y e a r  r o t a t i o n - - - - -

C o r n 2 . 5 0 127 123 119
Soybeans 5 . 8 0 4 3 4 2 4 4

2 / V a r i a b l e  c o s t s  p e r  a c r e  a r e  t h e  a v e r a g e  c o s t s  a s s o c i a t e d  w i t h
c o n t i n u o u s  c o r n  a n d  s o y b e a n s  w i t h  t h e  f o l l o w i n g  a d j u s t m e n t s :

-  C o r n  i n  r o t a t i o n  r e q u i r e s  $ 4  p e r  a c r e  l e s s  n i t r o g e n  a n d
$ 1 2  p e r  a c r e  l e s s  c h e m i c a l s  ( C a r b o f u r a n )  t h a n  c o n t i n u o u s  c o r n

3 / A v e r a g e  o f  o t h e r  c o s t s  i n c u r r e d  u n d e r  c o n t i n u o u s  c o r n  a n d  s o y b e a n s
u n d e r  c o r r e s p o n d i n g  t i l l a g e  p r a c t i c e s

S o u r c e : B a s e d  o n  O h i o  S t a t e  U n i v e r s i t y  E x t e n s i o n  S e r v i c e  e n t e r p r i s e
b u d g e t s ,  H o n e y  C r e e k  w a t e r s h e d  d e m o n s t r a t i o n  p l o t  r e s u l t s  a n d
p e r s o n a l  c o m m u n i c a t i o n s  w i t h  E P A  o f f i c i a l s .
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budget is essentially an average of the continuous corn and soybean budgets

wi th  ad justments  in  rece ip ts  cor responding to  d i f ferent  y ie lds ,  fer t i l i zer

and chemical costs as noted. F ina l ly ,  Table I I I -4  represents the hay

production budget; only one t i l lage practice is considered for hay. Tables

III-1 through II I-4 portray crop production receipts and costs without any

rest r ic t ions on pest ic ide use.

b. Crop production budgets with pest icide use restr ict ions

As previously discussed, an object ive of this study is to examine the

ef fec ts  o f  the d i f fe rent  t i l lage pract ices on ach iev ing ora l  exposure

l imits of pest icides in drinking water (surface and ground waters).

Conservat ion t i l lage pract ices genera l ly  re ly  on addi t iona l  pest ic ide

appl icat ions which have raised concern about potential  increased pol lutant

problems; for example, conservation t i l lage increases subsurface water

recharge and the l ikel ihood of ground water contamination (Hinkle, 1983).

S imi lar ly ,  convent iona l  t i l lage,  whi le  requ i r ing somewhat  lower  leve ls  o f

pes t i c i de  app l i ca t i on ,  gene ra l l y  r esu l t s  i n  h i ghe r  l eve l s  o f  r uno f f  wh i ch

has the potential of causing environmental damage downstream.

Consequently, the potential pollution problems in the Honey Creek watershed

from various pesticide appl icat ions, ground water regeneration rates and

surface water runoff rates associated with each t i l lage pract ice were

examined through computer simulations. Complete detai ls of the pesticide

concentration estimation procedures are available in Donigian and Carsel

(1985).

The results of this process indicated that drinking water qual i ty standards

--known as Recommended Maximum Contamination Levels (RMCLs) -- could be met

by  subs t i t u t i ng  a l t e rna t i ve  pes t i c i des .  C rop  p roduc t i on  budge ts  f o r

continuous corn, continuous soybeans, and corn and soybeans in rotation are

presented in Tables III-5 through III-7. (No pest ic ide use res t r ic t ions

are required on hay because no pesticides are used.) As indicated, the

only pesticide, change is a substi tut ion of metolachlor for alachlor. The

effects of this pesticide change were a modest increase in chemical costs

I I I - 1 4



Table II I-4. Ohio Extension Service hay production budget, 1985

Item Explanation
1985 Dollars/

Acre

Receipts 3 . 5  t o n s  $ 6 0 / t o n

Variable Costs
Seed
Fe r t i l i ze r  App l i ca t i on

N 65 lbs @ .20/lb

‘2’5 2 0  l b s  @  . 2 2 / l b

K2° 170 lbs @ .11/lb

Lime 1000 lbs @ 15.00/ton

Fuel, Oil & Grease
Repairs
Miscellaneous
Interest on Operating Capital

$210

2
5

13

5

19

8

23
20
15
8

Total Variable Cost 118

Other Costs
Labor Charge
Machine and Equipment Charge

Total Other Costs

Returns to Management and Land

23
48

71

21

Source: Based on Ohio State University Extension Service enterprise
budgets, Honey Creek watershed demonstration plot results and
personal communications with EPA officials.
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Table III-5. Ohio Extension Service continuous corn production budgets, 1985, with pesticide use
restrictions sufficient to meet Recommended Maximum Contamination Levels with a

50 percent reliability 1/

Item Explanation
Conventional Reduced

T i l l Till No-Till

- - - - - - - - - - - - - 1 9 8 5  d o l l a r s / a c r e- - - - - - - - - - - - -

Receipts 2.50/bushel $315 $307 6300
Yields (bushels)

Conventional Reduced No-Till
126     123 120

Variable Costs

Seed (kernels) 24.200k @ .90/1000 kernels 22 22 22
Fer t i l i ze r

N 140 lbs @ .20/lb 28 28 28

p205 44 lbs @ .22/ lb 10 10 10

K2° 60 lbs @ .11/lb 7 7 7
Lime 1000 lbs @ 15.00/ton 8 8 8

Chemicals

Conventional Reduced No-T i l l

Carbofuran - $12 Carbofuran - $12 Carbofuran - $12
Atrazine - $4 Atrazine - $4 Atrazine - $4
Metolachlor - $12 Metolachlor - $15 Metolachlor - $18

Isotox - $1 Isotox - $1
Paraquat - $8

28 32 43

Fuel, Oil & Grease
Drying - Fuel and Electric Only .15/bu
Trucking - Fuel only
Repairs
Miscellaneous
Interest on Operating Capital

Total Variable Cost 181

Othe r  Cos ts
Labor Charge
Machine and Equipment Charge

15 1 2
50 50

9
50

  Total Other Costs 65 62 59

18 14
18 18
2 2

18 16
12 12
10 10

179

12
18
2

14
12
10

186

Returns to Management and Land 69 66 55

1 / Pesticides used in crop production
Levels (RHCL) in drinking water as

Source: Based on Ohio State University
demonstration plot results and

were restricted in order to meet Recommended Maximum Contamination
set by EPA, with a 50 percent reliability.

Extension Service enterprise budgets, Honey Creek watershed
personal communications with EPA officials.
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Table III-6. Ohio Extension Service continuous soybean production budgets, 1985. with pesticide use
restrictions sufficient to meet Recommended Maximum Contamination Levels with a

50 percent reliability 1/

Conventional Reduced
Item Explanation T i l l T i l l No-Till

1 9 8 5  d o l l a r s / a c r e

Receipts 5.80/bushel $250 $238 $250
Yield (bushels)

Conventional Reduced No-T i l l
43 41 43

Variable Costs
Seed 1 bu. @ 13.00/bu 13 13 13
Fer t i l i ze r

40 lbs @ .22/lb 9 9 9
55 lbs @ .11/lb 6 6 6

Lime 1000 lbs @ 15.00/Ton 8 8 8

Manganese

Chemicals

Conventional

Metribuzin - $12
Metolachlor - $12

Fuel, Oil & Grease
Trucking - Fuel Only
Repairs
Miscellaneous
Interest on Operating Capital

6 lbs @ .20/lb 1 1 1

Reduced

Metribuzin - $12
Metolachlor - $12
Paraquat - $8
Metalaxyl - $3

Total Variable Cost

Other Costs
Labor Charge

Machine and Equipment Charge

Total Other Costs

Returns to Management and Land

No-T i l l

Metribuzin - $16
Metolachlor - $18
Paraquat - $8
Metalaxyl - $3

24 35

18 14
1  1

17 16
12 12
7 8

12
1

15
12

8

116 123 130

45

14 11 8
50 50 50

64 61 58

70 5 4 62

1 / Pesticides used in crop production were restricted in order to meet Recommended Maximum Contamination
Levels (RMCL) in drinking water as set by EPA, with a 50 percent reliability.

Source: Eased on Ohio State University Extension Service enterprise budgets, Honey Creek watershed
demonstration plot results and personal communications with EPA officials.
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Table II I-7. Ohio Extension Service production budgets for corn and
soybean rotat ions, 1985,  w i th  pest ic ide use res t r ic t ions suf f ic ient

to meet Recommended Maximum Contamination Levels with a
50  pe rcen t  re l i ab i l i t y  1 /

Item
Convent ional Reduced

T i l l T i l l No -T i l l

1985 do l lars /acre

Receipts 2/ 283 257 275

Total Variable Cost 3/ 140 142 150

Total Other Costs 4/ 65 6 2 59

Returns to Management and Land 78 7 1 66

1 / Pesticides used in crop production were restr icted in order to meet
Recommended Maximum Contamination Levels (RMCL) in drinking water as
set by EPA, with a 50 percent rel iabi l i ty.

2/ Based on the fol lowing yields and prices (discrepancies due to
rounding):

Pr ice
$/bushel

Conventional till Reduced t i l l No-till
bushels/acre for two year rotation

Corn 2.50 126 123 118
Soybeans 5.80 43 42 44

3 / Variable costs per acre are the average costs associated with
continuous corn and soybeans (Tables IV-5 and IV-6) with the following
ad jus tments

- Corn in rotat ion requires $4 per acre less nitrogen and
$12 per acre less chemicals (Carbofuran) than continuous corn

4 / Average of other costs incurred under continuous corn and soybeans
under corresponding t i l lage pract ices.

Source: Based on Ohio State University Extension Service enterprise
budgets, Honey Creek watershed demonstration plot results and
personal communications with EPA o f f i c i a l s .
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for all crops and a slight decrease in average yields on acreage planted to

continuous corn.

As a  f ina l  s tep under taken to  i l lus t ra te  the potent ia l  threat  to  dr ink ing

water from pesticide contamination, pesticide use restrictions were made

even more l imit ing. Pesticide use restr ict ions were such that under

computer simulations of surface and ground water hydrology, RMCLs, as set

by EPA, were met with a 95 percent reliability. The only pesticide changes

required under this restr ict ion are fonofos substi tuted for carbofuran on

convent iona l ly  t i l led corn and t r i f lu ra l in  for  meto lach lor  on

convent ional ly  t i l led soybeans. These substitutions resulted in modest

increases in chemical costs, but signif icant changes in crop yields are not

expected. Expected receipts and costs with this pest icide restr ict ion are

presented in  Tables I I I -8  through I I I -10.

C. Yield variat ions by land class

As previously discussed, cropland soils in the Honey Creek watershed have

been classif ied into four productivi ty groups based on the adaptabi l i ty of

the so i ls  to  conservat ion t i l lage pract ices. Class I soi ls are defined as

always suitable for row crops under al l  t i l lage pract ices; receipts

and returns depicted in Tables II I-1 through II I-10 apply to this land

c l a s s i f i c a t i o n . Receipts and returns are somewhat lower for conservation-

t i l l  crops grown on other land classes because of lower yields. Expected

y ie ld  reduct ion for  the var ious t i l lage- land c lass i f ica t ion combinat ions

are summarized in Table III-11 for corn and soybeans. Hay yields are not

expected to vary signif icantly among land classif icat ions.

2. Phosphorus Loss Estimates

Agricultural nonpoint sources del iver highly stochastic and diverse loads

and concentrations of phosphorus to receiving waters. Consequently the

re l iab i l i ty  o f  nonpoin t  phosphorus cont ro ls  - -  in  th is  case,  conservat ion

t i l l a g e  - - in meeting load reduction objectives must be considered. The
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Table III-8. Ohio Extension Service continuous corn production budgets, 1985, with pesticide use
restrictions sufficient to meet Recommended Maximum Contamination Levels with a

95 percent reliability 1/



Table I I I - 9 . Ohio Extension Service continuous soybean production budgets. 1985, with pesticide use
restrictions sufficient to meet Recommended Maximum Contamination Levels with a

95 percent reliability 1/
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Table III-10. Ohio Extension Service production budgets for corn
and soybean rotations, 1985, with pesticide use restrictions
sufficient to meet Recommended Maximum Contamination Levels

with a 95 percent reliability 1/.

Conventional Reduced
Item T i l l T i l l No-Till

1985 dollars/acre

Receipts 2/ 280 275 275

Total Variable 3/ 142 142 150

Total Other Costs 4/ 65 62 59

Returns to Management and Land 73 71 66

1 / Pesticides used in crop production were restricted in order to meet
Recommended Maximum Contamination Levels (RMCL) in drinking water as
set by EPA, with a 95 percent reliability.

2 /  Based on the following yields and prices (discrepancies due to
rounding):

Price Convent ional t i l l  Reduced t i l l
$/bushel ------bushels/acre for two year rotation-----

No - t i l l

Corn 2.50 126 123 118
Soybeans 5.80 42 42 44

3 / Variable costs per acre are the average costs associated with
continuous corn and soybeans (Tables IV-8 and IV-9) with the following
adjustments:

- Corn in rotation requires $4 per acre less nitrogen and the
application of fonofos and carbofuran is eliminated.

4 / Average of other costs incurred under continuous corn and soybeans
under corresponding tillage practices.

Source: Based on Ohio State University Extension Service enterprise
budgets, Honey Creek watershed demonstration plot results and
personal communications with EPA officials.
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Table III-11. Estimated reductions in crop yields by soil classification and crop tillage practice

Soi l  c lassi f icat ion
Total acreage Corn Soybean

in watershed Conventional till Reduced till N o - t i l l Conventional til l Reduced till N o - t i l l

percent reduction in yield 1/

I . Always suitable for 5,369 0 0 0 0 0 0
conservation till

I I . Suitable for conservation 23,285 0 0 0 0 0 0
t i l l  i f  l a te -p lan ted

I I I . Suitable for conservation 22,000 0 5 10 0 0 5
t i l l  i f  d ra ined

IV. Not suitable for 7,704 0 10 15 0 5 10
conservation till

1 / Actual yields are presented in Tables III-1. III-2, III-5, III-6, III-8 and III-9 for each practice and pesticide restriction level.

Source: Based on Honey Creek watershed demonstration plot yields and information supplied by Ohio Extension specialists and EPA officials.



probabilistic methodology used to derive the phosphorus loss estimates

provides a more real ist ic basis for appraisal of control costs for nonpoint

sources. Furthermore, this methodology provides a consistent framework for

cost comparisons between nonpoint phosphorus controls (e.g., conservation

t i l lage) and point source control technologies (e.g.,  POTWs).

Phosphorus loads for the basin were estimated by EPA analysts (Milon,

undated) using the runoff, erosion and recharge parameters from the 29-year

simulation of the Pesticide Root Zone Model (PRZM) (Carsel et al., 1984)

and the storm event loading functions for surface and ground water loads

(Haith and Tubbs, 1981). The e f fec ts  o f  conservat ion t i l lage on so i l

nutrient concentrations were determined using the enrichment ratio approach

described by Baker and Laflen (1983). Edge-of-stream phosphorus loadings

were determined based on prior simulations of sediment and runoff processes

in the basin using the Hydrological Simulation Program - FORTRAN (HSPF)

(Johanson et al . ,  1984). No attempt was made to estimate in-stream

phosphorus concentrations. Annual exceedance probabil i t ies for nutr ient

loads were determined from the 29-year precipitat ion record. Alternative

rel iabi l i ty requirements for phosphorus control were estimated by EPA

analysts exploit ing the phosphorus exceedance probabil i ty function as a

constraint in the programing model.

Table III-12 presents edge-of-stream phosphorus loadings from cropland

devoted to corn, soybeans and hay under dif ferent t i l lage practices and

phosphorus control rel iabi l i ty levels (thresholds). As shown, phosphorus

loadings are reduced considerably by changing from conventional, till to

reduced t i l l ;  incrementa l  load reduct ions resu l t ing f rom the change f rom

reduced t i l l  to  no- t i l l  a re  re la t ive ly  more modest .

Because nonpoint sources del iver highly variable loads to receiving waters,

phosphorus loading est imates are presented for di f ferent levels of control

r e l i a b i l i t y -- spec i f i ca l l y  50, 60, 75 and 95 percent rel iabi l i ty.

I n te rp re ta t i on o f  t hese  re l i ab i l i t y  l eve l s  i s  s t r a i gh t f o rwa rd ;  s imp l y
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Table III-12.  Honey Creek watershed edge-of-stream phosphorus loadings for corn, soybeans and hay under different tillage practices

Phosphorus control
re l iab i l i ty  leve l  1 / Conventional till

Corn
Reduced till N o - t i l l

Soybeans
Conventional till Reduced till No-t i l l Hay

pounds/acre

50 2.00 0.52 0.46 1.88 0.86 0.63 0.30

60 2.19 0.59 0.51 2.06 1.01 0.75 0.35

75 2.52 0.73 0.62 2.42 1.20 0.92 0.46

95 3.26 1.04 0.65 3.20 1.69 1.33 0.69

1 / Actual edge-of-stream phosphorus loadings will be at or below estimated level with the designated percent reliability. For example, with
conventional till corn, edge-of-stream phosphorus loadings will be at or below 2.00 pounds per crop acre with 50 percent reliability.

Source: Estimates provided by EPA.



stated, phosphorus loadings wi l l  be at or below the specif ied target levels

wi th  the des ignated percent  re l iab i l i ty .

D. Cost-effect iveness Est imates

The result ing cost-effect iveness est imates presented in this sect ion for

the Honey Creek watershed are based on critical assumptions regarding

baseline cropping and t i l l age  p rac t i ces . For purposes of this case study,

the prevai l ing cropping and t i l lage practices during the period when the

Honey Creek land use surveys were conducted (1979-1982) is defined as the

baseline (Milon, undated). Under this definit ion, approximately 25 percent

of the row crop acreage is in continuous corn, 15 percent in continuous

soybeans and the remaining 60 percent is in a corn and soybean rotation.

Al l  acreage is managed with conventional t i l lage pract ices. Total

edge-of-stream phosphorus loadings from the 58,358 acres of crops in the

watershed are estimated to be 113,565 pounds under baseline cropping and

t i l l age  p rac t i ces .

While the basel ine defini t ion is representat ive of land use in the

watershed, i t  does not represent the prof i t  maximizing solut ion as per the

LP model. Prof i t  maximization would be achieved with al l  of the acreage in

a corn and soybean rotation; corn and soybeans planted in rotation are

sl ightly more prof i table than continuously planted crops due to reduction

in  pest ic ide and fer t i l i zer  requ i rements .  Est imates presented in  th is

section were made under the baseline definition of cropping practices

ref lect ive of condit ions prevai l ing in the watershed when the land use

inventory was completed in 1979.

Implementat ion of conservation t i l lage pract ices leads to lower phosphorus

loadings as wel l  as other beneficial  results, such as reductions in

sediment losses and other nutrients which are not considered here. Costs

of implementation are attributable to phosphorus only (although some of the

est imates are made subject to pest icide use restr ict ions).
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As discussed previously, the cost-effect iveness of conservation t i l lage in

reducing phosphorus loadings is dependent on both the targeted phosphorus

load reduct ion and the des i red re l iab i l i ty  o f  actua l ly  ach iev ing targeted

reduct ion leve ls  in  any g iven year .  In  th is  sect ion,  resu l ts  are presented

for targeted watershed reductions of 10, 25, 50 and 75 percent.

Reliabi l i ty thresholds considered for achieving these reductions in any

given year are 56, 60, 75 and 95 percent. A graphical analysis of

aggregate watershed reductions in economic returns for each targeted

phosphorus reduction level and rel iabi l i ty threshold is presented in Figure

I I I -2 .  The cost -e f fec t iveness o f  conservat ion t i l lage in  reduc ing

phosphorus loadings for each targeted phosphorus reduction level and

re l i ab i l i t y  t h resho ld  i s  p resen ted  g raph i ca l l y  i n  F igu re  I I I - 3 .  I n  bo th

f igures,  no pest ic ide use res t r ic t ions are  in  e f fec t .  As ind icated in  the

figures, costs for reducing phosphorus loadings increase as the rel iabi l i ty

of achieving the targeted reductions increases.

Est imates of the cost-effect iveness of conservat ion t i l lage in achieving

targeted reduct ions (wi th  50 percent  re l iab i l i ty )  in  edge-of -s t ream

phosphorus loadings are presented in Table II I-13. As targeted reductions

in phosphorus loadings are increased from 10 to 50 percent in the

watershed, an increasing percentage of the acreage comes under reduced

t i l l . Crops under each targeted phosphorus reduction level are continuous

corn and the corn-soybean rotation; continuous soybeans do not enter the

optimized solut ion because of relat ively high phosphorus loadings. In

order to achieve the largest targeted phosphorus reduction examined (75

percent), 15 percent of the acreage must be put in hay. Hay enters the

optimal solut ion on acreages not suitable for conservation t i l l  (Class IV

land) and lands suitable for conservation t i l l  only when drained (Class II I

land) .

Cost estimates for targeted reductions in phosphorus loadings of 10 percent

are negat ive,  re f lec t ing more prof i tab le  crop ro ta t ions than in i t ia l ly

pract iced in the watershed. Targeted reductions in phosphorus loadings of

25 percent are estimated to cost $0.71 per pound, whereas targeted
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Figure I I I -2. Honey Creek watershed declines in return to management
and land from reducing edge-of-stream phosphorus loadings

via conservation ti l lage

I I I - 2 8



Figure III-3. Cost-effectiveness of conservation tillage in achieving
targeted reductions in edge-of-stream phosphorus loadings

in Honey Creek watershed
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Table III-13. Cost-effectiveness of conservation tillage in achieving targeted reductions in edge-of-stream
phosphorus loadings in the Honey Creek watershed with a 50 percent reliability 1/

I I I - 3 0



reductions of 50 and 75 percent are estimated to cost $5.10 and $13.20 per

pound of phosphorus, respectively. T h e  r e l i a b i l i t y  ( p r o b a b i l i t y )  o f

achieving these reductions in any year is 50 percent.

Cost-effect iveness est imates of conservat ion t i l lage pract ices presented in

Tables I I I -14 through I I I -16 represent  cont inual ly  h igher  leve ls  o f

re l iab i l i ty  in  meet ing targeted phosphorus load reduct ions;  re l iab i l i ty

thresholds for achieving targeted reductions are 60, 75 and 95 percent. As

in Table I I I-13, no pesticide restr ict ions are imposed in these analyses.

In Table I I I-16, cost-effect iveness est imates of achieving targeted

reductions of phosphorus loadings from Honey Creek watershed are presented;

the re l iab i l i ty  o f  ach iev ing targeted reduct ions in  th is  analys is  is  95

percent. Reductions in returns to management and land for the watershed

are just over $290,000 for a 10 percent reduction in phosphorus loadings --

an average cost of nearly $26 per pound of phosphorus. Reductions in

returns to management and land are over $427,000 for a 25 percent reduction

in phosphorus loadings -- an average cost of $15 per pound of phosphorus.

The lower average cost for phosphorus reductions as the targeted phosphorus

loss reduction increases from 10 to 25 percent is due to the relat ively

modest decrease in returns from changing tillage practices on acreages in

corn-soybean rotat ions. This change in t i l lage practice reduces returns by

only $15 per acre on Class III land, while reducing phosphorus loadings by

1.86 pounds per acre. Reductions in returns are $1,142,000 for a 50

percent reduction in phosphorus loadings -- an average cost of over $20 per

pound of phosphorus. Targeted reductions in phosphorus loadings of 75

percent are not feasible. I t  is not possible -- with 95 percent

r e l i a b i l i t y -- to achieve targeted phosphorus loading reductions of 75

percent in the watershed.

With the pesticide use restrictions sufficient to meet Recommended Maximum

Contamination Levels (RMCLs) in drinking water, costs for reducing,

phosphorus loadings increase -- in some cases dramatical ly. Table II I-17

depicts changes in watershed returns to management and land and
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Table III-14. Cost-effectiveness of conservation tillage in achieving targeted reductions in edge-of-stream
phosphorus loadings in the Honey Creek watershed with a 60 percent reliability 1/
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Table III-15. Cost-effectiveness of conservation tillage in achieving targeted reductions in edge-of-stream
phosphorus loadings in the Honey Creek watershed with a 75 percent reliability 1 /
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Table III-16. Cost-effectiveness of conservation tillage in achieving targeted reductions in edge-of-stream
phosphorus loadings in the Honey Creek watershed with a 95 percent reliability 1/
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Table III-17. Cost-effectiveness of conservation tillage in achieving targeted reductions in
edge-of-stream phosphorus loadings in the Honey Creek watershed with a 50 percent

reliability and pesticide use restrictions sufficient to meet Recommended
Maximum Contamination Levels with a 50 percent reliability 1 /

I I I -35



cost-effect iveness est imates for phosphorus load reduct ions; in this

analysis, targeted phosphorus load reductions and RMCLs are both expected

to be met  wi th  50 percent  re l iab i l i ty . Costs per pound of phosphorus load

reductions range from nearly $2 to over $16 for targeted watershed

phosphorus load reductions ranging from 10 to 75 percent, respectively.

This compares to a cost range of $0 to over $13 per pound of phosphorus

wi thout  pest ic ide use rest r ic t ions (Table  I I I -13) .

Average cost-effect iveness est imates presented in Table I I I-18 are under

condit ions suff ic ient to achieve targeted phosphorus load reductions with

50 percent  re l iab i l i ty  and RMCLs wi th  95 percent  re l iab i l i ty .  The increase

in rel iabi l i ty for achieving the RMCLs results in much higher cost-

effect iveness est imates, pr imari ly because of decreases in returns from

acreages under conventional ly t i l led corn/soybean rotat ions. However,

because the e f fec ts  o f  the pest ic ide use res t r ic t ions are  ins ign i f icant  fo r

crops grown under conservation t i l lage, average cost-effect iveness

estimates for targeted watershed phosphorus loss reductions above 50

percent are only sl ightly higher than when pesticide use restr ict ions are

no t  i n  e f f ec t .

Average cost-effect iveness est imates presented in Table I I I-19 are under

condit ions suff ic ient to achieve targeted phosphorus load reductions and

RMCLs with 95 percent rel iabi l i ty. Cost-effect iveness est imates under

these restrictions range from $22 to $43 per pound of phosphorus.
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Table III-18. Cost-effectiveness of conservation tillage in achieving targeted reductions in
edge-of-stream phosphorus loadings in the Honey Creek watershed with a 50 percent

reliability and pesticide use restrictions sufficient to meet recommended
Maximum Contamination Levels with a 95 percent reliability 1/
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T a b l e  I I I - 1 9 . Cost-ef fect iveness of  conservat ion t i l lage in  achiev ing targeted reduct ions in
edge-of-stream phosphorus loadings in the Honey Creek watershed with 95 percent

re l iab i l i ty  and pest ic ide use rest r ic t ions suf f ic ient  to  meet  Recommended
Maximum Contamination Levels with a 95 percent reliability 1/

I I I - 3 8



IV. COST-EFFECTIVENESS OF POTWS CONTROLLING PHOSPHORUS

This chapter estimates the cost-effectiveness of POTWs in Region V in

control l ing phosphorus. The task was to identify POTWs in Region V with

recently upgraded facilities for phosphorus removal and to develop

cost -e f fec t iveness es t imates  for  th is  t reatment .  The in format ion co l lec ted

in  the process o f  ident i fy ing fac i l i t ies  cont ro l l ing phosphorus is

presented in  the f i rs t  sect ion o f  th is  chapter .  Us ing the ava i lab le

information, a methodology was developed to estimate the cost-effectiveness

of phosphorus removal, which is discussed in the second sect ion. The

results of the cost-effect iveness analysis are then presented in the f inal

section of the chapter.

A. Identification of POTWs

Two sources were used to identify the POTWs with upgraded facilities for

phosphorus removal; the EPA "Needs Survey" data base (EPA, 1985a) and

Region V's "Construction Grants Information and Central System for Advanced

Treatment Projects" (EPA, 1985). The Needs Survey data base includes plant

location and incremental removals of BOD, TSS, phosphorus and ammonia. The

Region V data includes plant location, permit number, reason for grant,

treatment processes, capital cost for the treatment (advanced secondary or

ter t ia ry)  and pro jec t  s ta tus. Other information such as cost for new

collection systems were included in the Region V data but were not used in

th i s  ana l ys i s . Both sources included plants where the upgrades were only

in the planning or construction phases of completion.

Table IV-1 presents the number of POTWs in Region V which were identified

from the two sources as POTWs with planned or recently upgraded facilities

for phosphorus removal. The Needs Survey lists 208 POTWs with planned

upgrades for phosphorus removal and the Region V list reports only 24

POTWs.
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Table IV-1. Ident i f ica t ion o f  fac i l i t ies  in  Region V p lanned or
recently upgraded for phosphorus removal

S ta te Needs Survey 1/ Region V 2/

Number of POTWs

I l l i n o i s 15 1

Indiana 22 3

Michigan 47 4

M i n n e s o t a

Ohio

3 4 11

86 7

Wisconsin 4 0

Total 208 26

1 / "Needs Survey" data base, September 1985, U.S. Environmental
Protection Agency, Washington, D.C.

2 / "Construction Grants Information and Control System for Advanced
Treatment Projects", August 1985, U.S. Environmental Protection
Agency, Region V, Chicago, IL.



The state with the most upgraded POTWs identified in the Needs Survey data

base was Ohio with 86 such POTWs. The Region V data base listed only seven

upgraded POTWs in Ohio. Wisconsin had the fewest POTWs to be upgraded with

four  fac i l i t ies  ident i f ied in  the Needs Survey and no fac i l i t ies  l is ted in

the Region V data base. Only eleven POTWs in the Region V states were

identi f ied by both sources.

The large difference in the number of POTWs identified is due to the

dif ferent defini t ions used in the data bases. The Needs Survey l ists al l

faci l i t ies removing phosphorus, both spec i f ica l ly  and inc identa l ly ,  dur ing

removal of other pol lutants. The Region V l is t  repor ts  fac i l i t ies

specif ical ly planned or upgraded for phosphorus control.

In addition to information on POTWs upgrading for phosphorus removal, the

Region V data base includes other construction grant requirements. For

example, the most common reasons for the grants listed by Region V (in

descending order) were to (1) increase capacity and treatment level, (2)

construct a new wastewater treatment system, (3) increase capacity, and (4)

increase treatment levels. The most common treatment processes used for

upgrading POTWs in Region V are listed below. POTW upgrades include the

fol lowing treatment processes:

act ivated sludge

lagoons and ponds

f i l t r a t i o n

t r i c k l i n g  f i l t e r

chemical addit ion

ox idat ion d i tch

bio discharge

break po in t  ch lor inat ion

n i t r i f i c a t i o n

As presented in Table IV-2, the EPA Region V data base reports a total of

277 faci l i t ies with upgrades planned or recently completed for any

po l l u t an t s . The to ta l  cap i ta l  cost  fo r  these fac i l i t ies  is  $988 mi l l ion .

IV-3



Table IV-2. Number of POTW in Region V with planned or completed
upgrades and associated capital costs 1/

Number of Number of POTW To ta l  cos t  f o r POTWs
POTW Tota l  cos t upgrades for with phosphorus

State upgrades of upgrades phosphorus removal removal

( $ ) ( $ )

I l l i n o i s 68 192,769,649 1 2,491,840

Indiana
57 167,923,990 3 1,479,611

Michigan 29 138,151,448 4 29,376,058

M i n n e s o t a  5 1 85,647,748 11 31,259,572

Ohio 60 295,459,496 7 64,688,548

Wisconsin 12 107,973,249  0 0

Total 277 987,925,580 26 129,295,629

1 / U.S. Environmental Protection Agency, Region V, Chicago, Illinois and
telephone contacts.
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The total capital  cost for the 26 faci l i t ies with phosphorus removal is

$129 mil l ion. Ohio has the highest cost with a total of $295 mil l ion for

all POTW upgrades and $65 million for POTW upgrades with phosphorus

removal. Minnesota shows the lowest total construction grant costs at $86

million for all POTW upgrades while Wisconsin shows the lowest cost for

POTW upgrades with phosphorus removal at $0.

The cap i ta l  costs  repor ted in  Table  IV-2 for  a l l  fac i l i t ies  are  aggregate,

including costs for the entire upgrade, rather than for just phosphorus

removal. Annual operating and maintenance costs were not available to

correspond with the capital costs reported by Region V.

The information collected from the two data sources was too limited to

develop cost-effect iveness est imates. A major discrepancy was the lack of

current annual operat ion and maintenance costs. Another signif icant data

restriction was that capital costs for phosphorus removal were not reported

in either data base. Thus the use of the capital costs for POTW upgrades

reported by Region V would overstate the phosphorus removal cost. Instead

of using engineering formulas to estimate operating and maintenance costs

and capital costs for removal of phosphorus, actua l  costs  for  each fac i l i ty

were col lected. Faci l i ty size, capital  costs for removal of phosphorus,

and phosphorus removal volumes were also compared to the Region V data.

Ten facilities from the Needs Survey data base, were contacted to determine

the  u t i l i t y  o f  t he  i n fo rma t i on . Of these ten POTWs, only two had been or

were being built or upgraded for removal of phosphorus. Since this

response was low, the 26 faci l i t ies identi f ied in the Region V data base as

specifically upgrading for phosphorus removal were also contacted

ind iv idua l ly  to  co l lec t  add i t iona l  cost  data .

Table IV-3 summarizes capital costs, facility size and phosphorus removal

for  each o f  the 26 fac i l i t ies . The capital cost presented is from the

Region V data base. Size o f  the fac i l i t ies  range f rom 0.1  mi l l ion ga l lons

per day to 100 million gallons per day (MGD). Phosphorus influent ranges

f rom 2 to  15 mi l l ig rams per  l i te r  (mg/ l ) . Phosphorus effluent ranges from

0.1 to 4 mg/l .
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Table IV-3 Summary of capital cost, size and phosphorus inf luent
and effluent for 26 POTWs in Region V 1/
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Plant managers for six of the 26 POTWs reported that phosphorus was not

spec i f ica l ly  removed at  these fac i l i t ies . These fac i l i t ies  inc luded:

Grand Haven, MI; Marshall,, MI; Albert Lea, MN; Chisolm, MN; and Columbus,

OH. Columbus reported a removal of 30 percent of phosphorus influent

i nc iden ta l l y . The other reports shown as NA (not available) in Table IV-3

are due to nonresponse to telephone contacts. Additional information on

plant type, size and phosphorus removal were, therefore not collected for

these POTWs. Summaries of the information collected for each of the other

twenty POTWs are presented below by state.

1. I l l i n o i s

The Shelbyv i l le ,  I l l ino is  p lant  was under  const ruct ion in  1985.  Capaci ty

will be 0.6 MGD. Capital cost reported by the faci l i ty superintendent was

$4.7 mil l ion versus $2.5 mil l ion reported in the Region V construct ion

g r a n t s  l i s t . No other plants were l isted for I l l i n o i s .

2 .  I n d i a n a

The Region V data base identified three POTWs in Indiana upgraded for

phosphorus removal. These were Hamilton, Sheridan and Tipton. The total

cons t ruc t i on  cos t  f o r  a l l  t h ree  f ac i l i t i e s  was  $1 .5  m i l l i on .  The  Hami l t on

POTW was completed in 1980 and began operation in 1981. It averages 90

percent phosphorus removal and processes approximately 0.1 million gallons

per day. New equipment for the Sheridan faci l i ty was recently instal led.

Wastewater treated was also approximately 0.1 MGD at this plant. The

Tipton plant treats 1.2 MGD and uses an activated sludge system for

secondary treatment. Ferric chloride is added to remove phosphorus.

Indiana currently has a phosphate ban which reduces the plants' phosphorus

influent concentration.

3 .  M ich igan

Ionia and Owosso were the two cities identified in Michigan with POTWs

upgraded to remove phosphorus. Ion ia  uses ro tary  b io log ica l  d iscs wi th
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aluminum sulfate and polymer addition to achieve 75 percent removal of

phosphorus. The aluminum sulfate is added to a grit chamber and the

polymer is added at the end of the gri t  chamber. The faci l i ty treats 1.6

MGD of wastewater. Owosso uses chemical treatment, clarification and

fi l trat ion to reduce phosphorus by 92 percent and achieve an eff luent of

about  0 .5  mi l l ig rams per  l i te r . The plant treats 4.5 MGD of wastewater.

The Grand Haven, Michigan POTW which reported that phosphorus was not a

primary reason for its upgrade, removes 80 to 90 percent of phosphorus

while treating primarily for BOD and TSS. A phosphate ban in Michigan

reduces the phosphorus inf luent concentrat ion to plants in the state.

About 90 of the 502 POTWs in the state treat for phosphorus. Most were

upgraded between 1974 and 1977.

4.  Minnesota

Of the eleven POTWs in Minnesota listed by Region V as removing phosphorus,

two POTWs reported that phosphorus was not specifically treated. Brief

descriptions of the nine remaining POTWs are presented below.

The Albany POTW, completed in 1986, was the smallest facility contacted

with 0.03 MGD of wastewater treated. Alum is used for chemical addition at

a cost of $3,666 per year.

The Aurora facility was upgraded in 1980 for phosphorus removal. The 0.4

MGD plant uses extended aeration with a tert iary f i l ter to treat

wastewater.

The Bemidj i  faci l i ty treats 1.1 MGD of wastewater. The plant 's treatment

process includes activated sludge with chemical addition for phosphorus

removal. Chemicals used are aluminum sulfate and polymers. The plant,

located at the source of the Mississippi River, has a str ingent phosphorus

l im i t  o f  0 . 3  mg / l . The plant currently achieves an average 0.1 mg/l .
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The POTW treats 0.7 MGD. The POTW uses activated sludge with

chemical addition of alum for treating phosphorus. Alum use is 22 gallons

per day at 32 cents per gallon.

The Fergus Falls facility uses extended aeration and chemical addition of

ferr ic chloride to treat phosphorus. The plant treats 1.2 MGD of

wastewater. The plant has been in operation since 1985.

A new building and tank for the Gilbert POTW were completed in 1980.

Extended aerat ion with tert iary f i l ters is the wastewater treatment process

used. The fac i l i ty  uses 4 ,000 ga l lons o f  a luminum su l fa te  to  t reat  for

phosphorus.

The Marble faci l i ty wi l l  treat 0.2 MGD. The fac i l i ty  is  p lanned but  not

yet under construct ion.

The Pine Island facility is an activated sludge unit which uses pickle

l iquor as a substi tute for chemical addit ives to remove phosphorus. The

plant treats 0.3 MGD of wastewater. Sludge handling costs are

approximately $1200 per year.

The ten MGD Rochester facility has an activated sludge secondary treatment

process. A PhoStrip process has been added to remove phosphorus.

Current ly  the p lant  is  not  meet ing the 1  mg/ l  l imi t .  The h igh in f luent  o f

14 mg/l due to treatment of dairy wastewaters is part of the problem in

meeting t h e  e f f l u e n t l i m i t .

5 .  O h i o

The Region V data base listed seven facilities in Ohio to be upgraded for

phosphorus removal. The Ashtabula faci l i ty is a recent upgrade requir ing

new pumps and instal lat ion of an aeration tank for this 4.5 MGD faci l i ty.

The City of Cleveland has four plants being upgraded which range in size

from 35 to 140 MGD.



The Kent, Ohio POTW is an activated sludge system with alum addition to

remove phosphorus. The North Olmsted POTW is under construction and

includes a new f locculat ion bui lding. The Painesville POTW was expanded in

1980 and currently treats 30 MGD of wastewater. A 90 percent removal rate

for phosphorus is experienced at the Painesvi l le plant.

6 .  Wiscons in

Region V listed no POTWs in the state of Wisconsin being upgraded for

phosphorus removal.

B. Cost-Effectiveness Methodology

The information required to determine the cost-effectiveness for phosphorus

removal by each faci l i ty includes:

POTW size in million gallons per day;

number of operating days or annual flow;

inf luent and eff luent, phosphorus concentrat ions;

advanced treatment technology used for phosphorus removal; and

capital and annual operation and maintenance costs for phosphorus

removal.

A primary dif f iculty in est imating phosphorus removal costs is the cost

al location problem due to POTWs treating for pol lutants in addit ion to

phosphorus. Since the information avai lable from the two identi f ied data

sources inc luded on ly  to ta l  cap i ta l  costs  for  t reat ing a l l  po l lu tants ,

est imates for treating only phosphorus had to be made. The faci l i ty

contacts, usual ly the plant operator or engineer, were asked to make this

est imate. Specif ical ly requested were equipment, labor, energy, supplies,

and sludge handling and removal costs.
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To develop the cost-effectiveness estimates presented in the next section,

four mathematical steps had to be completed:

1. Annualized capital cost was computed by multiplying the capital

cost reported by the capital recovery factor (CRF) which is based

on a 20 year l i fe (n) and a 10 percent interest rate ( i) .  1/.

I t  i s  der ived as fo l lows:

2. Annual capital cost + annual operation and maintenance cost =

annual treatment cost (al l  costs are reported in 1985 dol lars).

3. Total phosphorus removed is estimated by subtracting the effluent

concentrat ion in mg/l  from the inf luent concentrat ion in mg/l  and

converting the removal concentration into pounds of.phosphorus

removed per year using the following formula:

mg/l removed X 8.34 X MGD X 365 = pounds of phosphorus

removed per year

4 . Annual treatment cost divided by pounds of phosphorus removed

equals cost-effectiveness of the phosphorus treatment system.

C. Results of Cost-Effect iveness Analysis

The results of the cost-effectiveness analysis of POTWs in Region V for

removing phosphorus are presented in this section. Of the 20 POTWs

1 / The 10 percent interest rate was chosen to compare results to a

previous study of POTW phosphorus removal cost-effectiveness (IEc,

1985) which relied on engineering estimates to determine costs.
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identified by Region V (the original 26 POTWs less the six deleted in the

f irst telephone interviews), adequate information to conduct an analysis

was collected on only 11 POTWs. All of these POTWs have completed

construction of the upgrades necessary to remove phosphorus and are in

operation. The data obtained from these POTWs were used in the development

of the cost-effect iveness est imates; al l  data inputs were provided by the

POTWs.

Case studies for each of the eleven POTWs were developed and are presented

in Appendix B. The data inputs and cost-effectiveness estimates are

summarized in Tables IV-4 and IV-5.

Chemical addition to precipitate phosphorus was the most common treatment

used by the eleven POTWs. Al l  but  one fac i l i ty  used th is  t reatment

process. The chemicals used included aluminum sulfate, ferr ic chloride,.

iron and polymers and steel mil l  waste pickle l iquor..  Pickle l iquor was a

cheaper substitute for chemicals.

Rochester, Minnesota was the one faci l i ty using a dif ferent treatment

process. Rochester uses a proprietary process cal led PhoStrip. This

process is  both  a  b io log ica l  and chemica l  t reatment  process.  F i l te rs  may

have also been used in several cases, although this was not always

confirmed through the data col lect ion tasks.

As shown in Table IV-4 the POTWs ranged in size from 0.3 to 10 MGD.

Capital costs for removal of phosphorus ranged from $20,000 to $3,500,000.

Annual operation and maintenance costs ranged from $2,500 to $450,000.

Table IV-5 presents the phosphorus inf luent and eff luent, total phosphorus

removed, annual phosphorus treatment cost and cost-effectiveness for each

of the POTWs. Phosphorus influent levels ranged from 2.0 to 14.0 mg/l;

phosphorus eff luent levels ranged from 0.1 to 1.0 mg/l .  Total phosphorus

removed ranged from 1,351 to 395,733 pounds per year.
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Table IV-4. Actual capital and annual operation and maintenance costs for eleven POTWs in Region V

POTW O&M cost
Capital Capital POTW O&M to remove

POTW Location Size 1/ cost 2/ cost P 3/    cost 4/ P 5/

(MGD) $ $ $ $

Pine Island, MN 0.3 1,700,000 352,000 1,657,200 7,722

Gilbert, MN 0.4 2,346,091 234,609 364,400 2,500

Aurora, MN 0.44 2,200,000 220,000 442,769 2,660

Eveleth, MN 0.7 5,000,000 20,000 340,146 3,520

Bemidji, MN 1.1 14,000,000 491,480 4,609,100 82,000

Fergus F a l l s MN 1.16 9,000,000 150,000 526,113. 60,225

Tipton, IN 1.17 6,088,100 250,000 594,281 9,000

Ionia, MI 1.6 7,073,078 235,455 461,294 33,500

Kent, OH 3.0 8,400,000 30,000 1,150,000 91,365

Owosso, MI 4.5 12,000,000 150,000 13,272,000 70,000
to

75,100

Rochester, MN 10.0 56,000,000 3,500,000 14,119,300 450,000

1/ POTW size in million gallons per day (MGD).
2/
3/
4/

Total capital cost for each POTW upgrade.
Capital cost designated for phosphorus removal.
Total annual operation and maintenance cost for POTW upgrade.

5 / Annual operation and maintenance cost for phosphorus removal.
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Table IV-5. Treatment of phosphorus , annual treatment cost and estimated
cost-effectiveness for eleven POTWs in Region V

POTW Location

Total Annual
Phosphorus

Influent 2/
Phorphorus phosphorus treatment Cost-

Size 1/ Effluent 3/ removed 4/ cost 5/ effectiveness 6/

Pine Island, MN

MGD

0.3

0.4

0.44

0.7

1.1

1.16 

1.17

1.6

3.0

4.5

(mg/l)

6.0-10.0

(mg/l)

1.0

0 .8

0.8

0.7-0.8

0.1

0.9

( l b / y r ) ( $ y r )

4 , 5 0 4 -  8 , 1 0 6  4 9 , 0 8 2  

($ / lb /y r )

$6.06 to $10.90

$20.58

$6.60 to $10.56

$1.36 to $1.42

$5.28 to $14.39

Gilbert, MN

Aurora, MN

Eveleth, MN

Bemidji, MN

Fergus Falls, MN

Tipton, IN

Ionia, MI

Kent, OH

Owosso MI

Rochester, MN 10.0

2.0

2.8- 4.0

3.0

3.0- 8.0

10.0-14.0

3.0

3.6

7.0

5.0-6.0

14.0

0.44

0.9

0.5-0.6

0.4-0.5

1.0

1,461 30,067

2,702- 4,323 28,510

4,137- 4,326 5,870

9,711- 26,453 139,749

44,170- 63,586 77,850

8,092 38,375

1,351 61,166

58,447- 59,360 94,890

61,643- 76,711 87,625

92,625
to

395,733 861,250 $2.18

$1.22 to $1.76

$4.75

$4.65

$1.60 to $1.62

$1.14 to $1.50

1 /
2 /
3 /
4 /
5 /
6 /

POTW size in million gallons per day (MGD).
Average or range of phosphorus influent.
Average or range of phosphorus effluent.
Average or range of total phosphorus removed.
Average or range of annual treatment costs for phosphorus.
Cost-effectiveness average or range estimated by dividing annual treatment cost by total phosphorus
removed.



Annual treatment costs ranged from $5,870 to $861,250. Cost-effectiveness

estimates ranged from $1.14 to $20.58 per pound of phosphorus removed.

The Rochester, Minnesota plant which is the only plant using the PhoStrip

process for removing phosphorus, is currently not meeting the 1.0 mg/l

e f f l uen t  des ign  c r i t e r i a . The 14.0  mg/ l  in f luent  for  th is  p lant  is  a lso

h igher  than for  the o ther  fac i l i t ies  due to  e f f luent  f rom the da i ry

industry in the area. Actual effluent for the Rochester POTW ranges from

2.0  mg/ l  to  4 .0  mg/ l .   .The cost for correcting the operation to 1.0 mg/l is

inc luded in  the analys is  s ince the o ther  fac i l i t ies  ach ieved or  d id  bet ter

than the 1 .0  mg/ l  e f f luent  l im i t . The marginal cost for the Rochester

plant to go from the actual eff luent to 1.0 mg/l  is $300,000. This

converts to a marginal cost per pound of phosphorus ranging from $3.29

to $9.86 per pound.

Since similar treatment systems are used--chemical addit ion, l ikely

augmented in some cases with filters-- the POTWs were grouped by size to

develop average cost-effect iveness values. Values for three sizes of

fac i l i t ies  are  presented be low.

Number of Cost-Effect iveness

Size Range F a c i l i t i e s Average Size Range Weighted Average

(MGD) (MGD) - - - - - - - - - - - - $ / l b - - - - - - - - - - -

< 0.5 3 0 . 4 6.06 - 20.58 9.55

0.5 -  1 .9 5 1.2 1.22 - 14.39 3.77

2.0 & UP 3 5.8 1.14 - 2.18 2.00

because the sample size of 11 POTWs may not accurately represent the

cost-effect iveness of the overal l  POTW populat ion, i t  is useful to compare

these results with a similar study completed in the Great Lakes Basin by

SAIC which focused on larger faci l i t ies. The results of the SAIC study

(SAIC, 1988) are summarized in the following section for purposes of

comparison.
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D. Comparative Results of Similar Research

In this sect ion, phosphorus removal cost-effect iveness est imates obtained

through a study of the economic impacts of detergent phosphorus bans on

Great Lakes basin municipal wastewater treatment plants are summarized.

The study (SAIC, 1988) classified POTWs according to whether or not they

were affected by phosphorus ban legislation and analyzed the variations in

cost on that basis. For purposes of this presentation, all POTWs included

in the study are analyzed as one group.

Table IV-6 summarizes the results of the analysis of 23 POTWs in the Great

Lakes basin. The size of the POTWs range from 1.9 to 79.0 MGD of

wastewater treated in 1982 and 1983. The cost-effectiveness of phosphorus

removal ranges from $0.23 to $2.60 per pound. A summary of the

cost-effect iveness of the faci l i t ies is presented below by general size

category.

Number of Average Cost-effect iveness

Size Range

(MGD)

F a c i l i t i e s Size

(MGD)

Range Weighted Average

- - - - - - - - - - - ( $ / l b ) - - - - - - - - - - - - -

< 5.0 4 3.2 0.98 - 2.06 1.37

5.0 -  9 .9 7 7.7 0.54 - 2.47 1.24

10.0 - 19.9 8 13.4 0.45 - 1.22 0.68

20.0 & UP 4 52.7 0.23 - 0.92 0.41

These averages are primari ly for plants larger than those studied in the

Previous sect ion. There appear to be significant economies of scale for

phosphorus removal ( i .e.,  larger faci l i t ies, on average experience lower

phosphorus removal costs on a per pound basis).
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Table IV-6. Estimated cost-effectiveness of phosphorus removal
for twenty-three POTWs in the Great Lakes basin
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V. COST-EFFECTIVENESS COMPARISON OF CONSERVATION TILLAGE
VERSUS POTWS IN REDUCING PHOSPHORUS POLLUTION

For purposes of this analysis, the cost-effectiveness comparison is

restricted to the cost-effectiveness case study of the Honey Creek

watershed. The cost-effectiveness of conservation tillage in reducing

phosphorus loadings in other watersheds will be highly dependent on the

specific characteristics (e.g., soil type, rainfall patterns, slope) of the

watershed. Consequently, extrapolating the results to other watersheds can

only be done by considering the specific characteristics of the watershed

in question.

When considering a specific watershed such as Honey Creek, a comparison of

the cost-effectiveness of conservation tillage and publicly owned treatment

works (POTWs) in reducing phosphorus loads is difficult due to a number of

factors, First, because of the,variability of storm events, the

effectiveness of conservation tillage in reducing phosphorus loads will be

highly variable; at the same time POTWs can effectively remove specific

quantities of phosphorus from influents with much less uncertainty.

Second, the cost-effectiveness of POTWs is dependent on their size, with

significant economies of scale as indicated in the previous chapter, and it

is implicitly assumed that the POTWs serving the Honey Creek watershed

comparable to the other POTWs in the Great Lakes basin which were studied.

Third, the cost-effectiveness of conservation tillage depends on the

percent reduction in phosphorus pollution targeted for which estimates

provided. However, the POTW cost-effectiveness estimates are based only on

costs of reducing phosphorus loads from typically six to eight mg/l to

are

are

less

than one mg/l. Finally, it is important to recognize that other benefits

from implementing conservation tillage are not considered, such as

reductions in soil erosion and losses of other nutrients; similarly,

related beneficial functions of POTWs are not considered, such as removal

of other pollutants. Despite these difficulties, some useful conclusions



can be drawn about the comparative cost-effectiveness of conservation

tillage and POTWs in reducing phosphorus loads.

For purposes of this comparison, only the conservation t i l lage

cost-effect iveness est imates, with no pest icide use restr ict ions, are

considered from Chapter I I I Limit ing the comparison in this manner wi l l

result  in a more accurate comparison of the actual cost-effect iveness

associated with the control of phosphorus pol lut ion.

A. Review of Conservation Ti l lage Cost-Effect iveness Estimates

As discussed previously, the cost-effect iveness of conservation t i l lage in

reducing phosphorus loads depends on the targeted reduction and the

re l iab i l i ty  leve l  o f  meet ing the target  for  any g iven year .  The est imates

presented below have the targeted reduction (expressed as a percent of

basel ine load ings)  across the top;  the re l iab i l i ty  o f  meet ing or  exceeding

the  t a rge ted  reduc t i on  i s  l i s t ed  a t  t he  l e f t .

Targeted reduction in phosphorus pol lut ion
(percent of basel ine load)

10 25 50 75

Percent  Rel iab i l i ty  1 / 1985 $/pound

50 2 / 5.10 13.20
60
75

2 /
0.71
 2.57 6.44  18.11

95
 5.23 6.75  9 . 1 1 34.04
25.54 15.06 20.12 3 /

1/ Reliabi l i ty of meeting or exceeding the targeted reduction in any given
year.

2/ Cost-effect iveness measure is negative ref lect ing more prof i table
t i l lage pract ices and crop ro ta t ions than in i t ia l ly  pract iced in  the
watershed.

3/ I n feas ib l e  so lu t i on .

For purposes of i l lustrat ion, consider that i t  costs an average of $5.10

per pound to reduce phosphorus loadings by 50 percent from baseline

condi t ions. However, this reduction would only be met (or exceeded) in 50
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percent of the t ime periods (years). In the other 50 percent of the time

periods, the targeted reduction would not be achieved.

B. Review of POTW Cost-Effectiveness Estimates

The POTW cost-effectiveness estimates, as presented in Chapter IV, are

dependent on the size of the POTW in question. As previously discussed,

all POTWs studied reduce phosphorus levels ranging from two to 15 mg/l for

the in f luent ,  to  genera l ly  less than one mg/ l  fo r  the e f f luent .

Consequently, POTW costs estimated are associated with reductions in

phosphorus levels ranging from 60 to 99 percent (an average of 83 percent).

A summary of the average cost-effectiveness estimates for phosphorus

removal as estimated in this study, grouped by POTW size, is presented

below:

POTW Size Range
(MGD)

Average
Cost-effect iveness

(1985 $/pound)

< 0.5 9.55
0.5 -  2 .0 3.77

> 2.0 2.00

Cost-effect iveness est imates derived in a similar study of primari ly larger

POTWs -- as presented in Chapter IV, Section D, indicate, substantial ly

lower costs for phosphorus removal. These estimates are presented below

for comparative purposes:

POTW Size Range

(MGD)

Average

Cost-effect iveness

(1985 $/pound)

< 5.0 1.37

5.0 -  9 .9 1.24

10.0 - 19.9 0.68

20.0 & up 0.41
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The analyses did not estimate the impact on costs and cost-effectiveness

stemming from incremental increases in the levels of treatment by POTWs,

but rather reported the average costs and cost-effectiveness for upgrading

from secondary treatment to current levels of phosphorus control (which

include phosphorus effluents equivalent to advanced secondary and advanced

leve ls  o f  t reatment ) .

C. Summary

A comparison of the cost-effectiveness of conservation til lage versus POTWs

in reducing nonpoint phosphorus loadings requires the consideration of

severa l  fac tors . Of cr i t ical importance in assessing the

cost -e f fec t iveness o f  conservat ion t i l lage is  the des i red leve l  o f

reduction in phosphorus loadings to be achieved and the acceptable

re l iab i l i ty  (probabi l i ty )  o f  meet ing the des i red leve ls  in  any g iven year .

Of critical importance in assessing the cost-effectiveness of POTWs is the

appropr ia te  s ize o f  the fac i l i ty  for  the watershed in  quest ion.

The higher the targeted reduction in phosphorus loads, the higher the

average cost per pound with conservation t i l lage. In the Honey Creek

watershed, POTWs reducing effluent levels to less than one mg/l of

phosphorus are cost-effective when targeted reductions are greater than 75

percent, regardless of the size of POTW needed. At targeted reductions of

50 percent, POTWs with capacities greater than 500,000 gallons per day are

c o s t - e f f e c t i v e .

At targeted reduction levels of 25 percent, the cost-effect ive phosphorus

control method depends on the desired rel iabi l i ty of achieving the targeted

reduction levels in any given year. I f  meeting the long-run targets is

suf f ic ient  ( i .e . ,  50 percent  re l iab i l i ty  assuming the phosphorus load ing

probability distribution is normal), conservation tillage is more

cost-effective except as compared to POTWs treating more than 10.0 MGD of

wastewater. I f  a  h igher  degree of  re l iab i l i ty  is  deemed necessary  ( i .e . ,

>60 percent) smaller (>2.0 MGD) POTWs are cost-effective.
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APPENDIX A

REVIEW OF COST AND EFFECTIVENESS LITERATURE ON AGRICULTURAL BMPs

Practices which reduce soi l  and nutr ient losses from agricultural lands

have been studied for a considerable length of time. Many of these studies

have focused on the potential  of diminished agricultural productivi ty

resu l t ing f rom so i l  and nut r ient  losses. However, more recent studies have

centered on agr icu l tura l  runof f  and i ts  cont r ibut ion to  water  po l lu t ion.

In this chapter, publ ished l i terature regarding the cost and effect iveness

of agricultural best management practices is reviewed. The specific BMPs

considered are conservation t i l lage, contouring, terracing, grassed

waterways, fertilizer management, sediment basins, livestock exclusions and

feedlot runoff management. When possible, studies relat ing to areas within

the Great Lakes Basin are highlighted.

A.  Conservat ion T i l lage

Runoff from agricultural land is a major source of nonpoint pol lut ion.

Such runoff carr ies suspended sol ids, nutr ients, pest icides, and organic

carbon (Andraski et al. , 1983). Of these pol lutants, sediment and

nut r ients  are  the pr imary  focus o f  th is  l i te ra ture  rev iew.

Many researchers believe that the most cost-effective means of reducing

contaminant loads from agricultural land is some form of conservation

t i l l age  (Manne r i ng  e t  a l . , 1976; Eckert, 1981; Logan et al., 1982).

Conservation t i l lage systems, which maintain at least 30 percent of the

so i l  sur face covered by res idue af ter  p lant ing,  e f fec t ive ly  pro tect  the

soi l  against erosion (Conservation Ti l lage Information System, 1985).

Conservation t i l lage also affects chemical losses by inf luencing both the

volume of runoff and chemical concentrations in.the runoff (Crosson, 1982).
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Some of the varying pract ices considered to be a conservation t i l lage

sequence as defined by the Conservation Tillage Information Center (1985)

inc lude:

N o - t i l l -  The  so i l  i s  l e f t  und i s tu rbed  p r i o r  t o  p l an t i ng .  P lan t i ng  i s

completed in a narrow seedbed approximately 1-3 inches wide. Weed

control is accomplished primari ly with herbicides.

R i d g e  t i l l -  The so i l  i s  le f t  und is turbed pr ior  to  p lant ing.

Approx imate ly  1 /3  o f  the so i l  sur face is  t i l led  a t  p lant ing wi th

sweeps or row cleaners. Planting is completed on r idges usually 4-6

inches higher than the row middles. Weed control is accomplished with

a combination of herbicides and cult ivat ion. Cul t iva t ion is  used to

rebui ld  r idges.

S t r i p  t i l l -  The so i l  i s  le f t  und is turbed pr ior  to  p lant ing.

Approx imate ly  1 /3  o f  the so i l  sur face is  t i l led  a t  p lant ing t ime.

T i l lage in  the row may cons is t  o f  a  ro to t i l le r ,  in - row ch ise l ,  row

c leaners ,  e tc . Weed control is accomplished with a combination of

herb ic ides and cu l t iva t ion.

Mu lch  t i l l -  The to ta l  so i l  sur face is  d is turbed by t i l lage pr ior  to

p lan t i ng . T i l l age  t oo l s  such  as  ch i se l s ,  f i e l d  cu l t i va to r s ,  d i s cs ,

sweeps, or blades are used. Weed control is accomplished with a

combination of herbicides and cult ivat ion.

Reduced t i l l -  Any other t i l lage and planting system (including slot

t i l l ,  min imum t i l l ,  ch ise l  t i l l ,  e tc . )  not  covered above that  meets

the 30 percent  res idue requ i rement .

The common element evidenced in definitions of conservation tillage is the

presence of crop residues on the soil surface to reduce water and wind

erosion. The plant residue also serves to increase retention of soi l

moisture.
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Comparing the dif ferent types of conservation t i l lage with conventional

t i l lage has revealed dif ferences in effects on runoff,  crop yields and net

farm income. A review of selected studies is presented in the fol lowing

discussion and summarized in Table A-1.

1. Costs of Conservation Ti l lage

With the possible exception of changing machinery complements, there are no

direct costs (such as the construct ion cost of terraces) that can be

assessed to conservat ion t i l lage. Rather, the cost is usual ly determined

through, the changes in operating and production costs (such as labor, fuel,

machinery and pesticides), and changes in yield that occur when switching

f rom convent iona l  t i l lage to  a  conservat ion t i l lage pract ice .

a. Changes in production costs (fixed and variable)

Labor. There is general agreement that less labor per acre is needed with

conservat ion t i l lage than wi th  convent iona l  t i l lage.  The reason is  that

with conservation tillage, the labor saved by reducing the number of passes

over the f ields is more than enough to offset any addit ional labor required

for any increased, applications of chemicals for weed, insect or disease

control (Crosson, 1982). Triplett and Van Doren (1977) found labor

requirements to be three t imes higher for conventional-t i l led. plots when

compared wi th  no-  t i l l . Conventional-t i l led corn in Michigan, Indiana and

Nebraska required 1.7, 2.3 and 2.0 times more labor than no-till,

respectively (Doster and Phillips, 1973; Mannering and Burwell, 1968,

Derschied et al . ,  no date). A 1969 Soil Conservation Service of America.

assessment listed percentage reductions in labor requirements for reduced

tillage on corn, cotton, sorghum and soybeans to be 52, 58, 52 and 58

percent ,  respect ive ly . Labor cost in a corn-soybean rotation decreased 31

percent  when s lo t - t i l l  was subst i tu ted for  convent iona l  t i l lage in  Iowa

( J o l l y  e t  a l . , 1983). Another f ield tr ial  on soybeans in Iowa showed labor

requirements for no-till were 46 percent lower than plowing and discing

(Crosson, 1982).
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Shipley and Osborn (1973) estimated the ratio of labor used with

convent iona l  t i l lage to  that  used wi th  conservat ion t i l lage to  be 1 .7  for

continuous grain sorghum and 1.75 for a wheat-grain sorghum rotation. The

importance of the dif ference in labor requirements in each situat ion

depends upon the magnitude of labor costs in relation to total costs,

exclusive of the cost of land (Crosson, 1982).

Machinery and Fuel. Though varying in magnitude by site and study,

information on machinery requirements and fuel consumption for various

t i l lage pract ices indicate savings when using conservation t i l lage.

Conservation tillage systems can reduce machinery-related costs in three

ways: fewer trips require less fuel; fewer machinery items are needed; and

because fewer operations are performed, smaller machinery can be used

w i thou t  sac r i f i c i ng  t ime l i ness  o f  p l an t i ng  ( Jo l l y  e t  a l . ,  1983 ) .  The

savings result ing from fewer tr ips across the f ield are noticeable

immediately. The savings in ownership costs, however, come about only as

changes in the machinery complement are made. If  larger machinery is kept

for occasional use, machinery ownership costs will remain unchanged. The

machinery usage costs per acre for a corn-soybean rotation were estimated

to be $54.84, $46.10 and $28.56 for conventional t i l lage, reduced t i l lage,

and s lo t - t i l l ,  respect ive ly  (Hamlet t  e t  a l . ,  1983) .  Machinery  ownersh ip

costs in the Jolley study were 25 percent lower for slot-till when compared

to  conven t i ona l  t i l l age .

Fuel savings of up to 73 percent have been reported for growing corn under

no-t i l lage as compared to conventional t i l lage (Crosson, 1982). Data

developed by the Iowa Cooperative Extension Service (1976) for fuel

requirements for various rotations and tillage systems show a decrease of

about 50 percent in the use of fuel between fall moldboard plow and no-till

systems for both continuous corn and a corn-beans rotation in loam soil.

Economic analysis of a four-year project in Defiance County, Ohio (1983)

showed machinery costs for no-till soybeans were 53 percent lower than
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conventional tillage and a greater difference was experienced with corn

(66 percent). For a 500-acre corn-soybean operation in Illinois, Siemens

and Oschwald (1978) observed machinery costs to be 4 percent lower for

chisel and 20 percent lower for no-till as compared to a conventional

ti l lage operation. On a similar 1,000-acre plot, the differences for

chisel and no-till increased to 11 and 33 percent, respectively.

A study of fuel consumption of tillage systems under Oklahoma conditions

showed that conservation tillage saved 1 to 3 gallons of diesel fuel per

acre relative to moldboard plow farming (American Society of Agronomy,

undated). Fuel requirements for reduced till and no-till were recorded as

being 20 percent and 48 percent lower , respectively, for corn in South

Dakota (Derscheid et al., undated).

Herbicides. Conservation tillage generally relies more on herbicides and

less on cultivation to control weeds than does conventional tillage;

however, studies of herbicide use with different tillage practices have

shown mixed results. Phillips et al. (1980) state that a reduction in

tillage generally requires an increase in the reliance on herbicides, and

that no-till corn requires about 50 percent more herbicides than

conventionally-ti l led corn. Jolly et al. (1983), however, found an

increase in herbicide use of only 14 percent over conventional tillage when

slot-till practices were implemented in a corn-soybean operation in Iowa.

If the switch from conventional tillage is to reduced or minimum tillage,

there is often no increase in herbicide cost (Colvin et al., 1983; Ervin et

a l . , 1983; Laflen et al., 1983). Doster and Phillips (1973), analyzing

corn production in central Indiana, also show identical costs for

herbicides with conventional tillage and.three kinds of conservation

t i l l age . They indicate, however, that with “true” no-till, herbicide costs

would be 50 percent higher. Griffith and Parsons (1980) report that in

changing from conventional to no-till corn, herbicide application increases

43 percent. Chisel plowing requires a 14 percent increase in herbicide use

over conventional tillage.
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A Lake Erie Demonstration Report combined the analyses of a number of

applications and amounts, and determined that although farmers increased

the number of herbicides used, they tended to decrease the amount of any

one herbicide that was used (U.S. Army Corps of Engineers, 1983). Thus,

although one more herbicide application was made on no-till corn as

compared to conventionally-tilled corn, farmers tended to use only 80

percent as much of any individual herbicide on no-t i l l  corn. Total

herbicide usage oh no-t i l l  corn, however, was st i l l  12 percent greater than

on conventional ly-t i l led corn in the project (U.S. Army Corps of Engineers,

1983).

Taylor et al.  (1979) show identical herbicide costs for conventional and

"l imited" t i l lage systems to produce irr igated winter wheat in Texas. With

no-t i l l ,  however, herbicide costs were est imated to be 350 percent higher.

More information is needed on long-term herbicide use under no-t i l l .  One

theory  is  that  once cont ro l  is  es tab l ished on a  f ie ld ,  less  herb ic ide is

actually needed since dormant weed seeds are not tilled up to the surface

to begin growing. Also, excess herbicides may be used during the first

years  to  ensure resu l ts  whi le  the operator  is  s t i l l  learn ing about  no- t i l l

management techniques (Fuller, 1985).

.

b .  Changes in  y ie ld

The var iab i l i ty  in  y ie ld  resu l ts  f rom convent iona l  t i l lage and conservat ion

t i l lage f ie ld  and p lo t  tes t  compar isons l imi ts  the va lue o f  app ly ing

genera l iza t ions about  y ie ld  e f fec ts  to  spec i f ic  s i tes .  Y ie lds  wi th

conservation tillage are greater, lower, or about the same as compared with

convent iona l  t i l lage,  and are  re la ted to  such s i te-spec i f ic  character is t ics

as crop,  so i l  type,  ra in fa l l  and c l imate.  Three-year  averages for  the

Honey Creek watershed (Ohio) showed that corn yields decreased 3 and 10

percent with reduced and no-till, respectively, when compared to

conven t i ona l  t i l l . In the same study, reduced-t i l l  soybean yields

decreased 7 percent while no-till yields increased by 3 percent (U.S. Army

Corps of Engineers, 1982). In the Lake Erie Basin, Bone et al. (1977)
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found four-year average corn yields were 11 percent higher with no-t i l l

versus fa l l  p low. A summary of no-t i l lage yield potentials in Ohio

(Forster, 1976) indicate yield increases of approximately 10 percent on

wel l -dra ined so i ls  ( re la t ive to  convent iona l  t i l lage) ,  approx imate ly  equal

yields on moderately to somewhat poorly-drained soils, and yield decreases

in the order of 10 percent on poorly and very poorly-drained soi ls.

In Iowa, average corn yields over a f ive-year period were sl ightly lower

wi th  s t r ip  and s lo t - t i l l  sys tems than wi th  convent iona l  t i l l .  However ,

yields varied more among years than among production systems (Jolly et al.,

1983). Also in Iowa, Erbach (1982) looked at various conservation

pract ices and the i r  cor responding y ie lds over  a  f ive-year  per iod.  The fa l l

moldboard plow system had the highest five-year average yield for

continuous corn production. In  th is  s tudy,  t i l lage systems d id  not

signif icantly affect yields of either corn or soybeans in the corn-soybean

r o t a t i o n . These results were similar to those of Siemens and Oschwald

(1978) where yields tended to be lower with conservation t i l lage. Colvin

et al.  (1983) analyzed Iowa corn-soybean rotations for three years to

observe the yield dif ference ( i f  any) between conventional t i l lage and

r i d g e - t i l l  p l a n t i n g . For two of the three years, yields were sl ightly

h igher  wi th  the convent iona l  prac t ice . Results from Cruse's 1983 study of

corn yields in Iowa indicated that in 1980 and 1981, when rainfall averaged

10 inches above normal for that location, the yield of no-t i l l  corn was

lower  and s ign i f icant ly  d i f ferent  f rom corn y ie lds on the reduced- t i l lage

and convent iona l - t i l lage p lo ts . However, in 1982, when rainfall was only

s l ight ly  above normal  for  the area,  corn y ie lds for  a l l  three t i l lage

systems were comparable.

2. Effect iveness of Conservation Ti l lage in Reducing Nonpoint Pol lut ion

The ef fec t iveness o f  conservat ion t i l lage in  reduc ing nonpoin t  po l lu t ion is

more complicated than simply looking at the effect iveness in control l ing

eros ion. Most of the conservation t i l lage pract ices were designed for

erosion control rather than nutr ient management. However with erosion
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control,  there is always control of the part iculate phosphate fract ion and

the dissolved phosphate load may also be reduced (Logan et al., 1982). The

fol lowing discussion wi l l  emphasize results concerning soi l  loss, water

runoff and phosphorus levels leaving agricultural f ields.

a. Reductions in soi l  loss and runoff

Plant residue on the soi l  surface serves to protect the soi l  from raindrop

impact and wi l l  help prevent soi ls with poor surface structure from

crusting and seal ing. Residue also increases surface roughness compared to

conven t i ona l l y - t i l l ed  so i l . These factors should allow increased

in f i l t ra t ion and reduced runof f  w i th  no- t i l l  o r  o ther  t i l lage systems which

maintain a high degree of cover (Logan et al., 1981). However, other

factors may cause somewhat variable results.

Johnson et al.  (1979) found runoff decreased by 54 percent when no-t i l l

corn  rep laced convent iona l - t i l led  corn.  Smi th  e t  a l .  (1979) ,  however ,

showed that no-t i l l  runoff was 10 to 30 percent higher in three out of four

years. Logan et al.  (1981) concluded that no-t i l l  increases runoff

compared to conventional t i l lage with soi ls that have poor internal

drainage or have restr icted.subsurface drainage, whi le no-t i l l  decreases

runoff on soils that are more permeable.

Over a three-year period at the Honey Creek Watershed Project, reduced

ti l lage lowered soi l  loss by 30 percent and no-t i l l  lowered i t  by 77

percent, as compared with the conventional-t i l l  plots. Over a three-year

f ie ld  t r ia l  in  Iowa,  Colv in  e t  a l .  (1983)  conc luded that  convent iona l

plowed treatment would average almost five times as much erosion as the

no-t i l l  plots for both soybeans and corn.

Field data for soybeans in Ohio showed the reduction in soil loss to be 30

and 70 percent for reduced and no-tilled corn,. respectively, when compared

with conventional t i l lage (Defiance Soi l  and Water Conservation Distr ict,

1984). Wischmeier (1973) found that soi l  lost to water erosion was

A-9



inversely related to the percentage of the soi l  surface covered by residue.

He also found that surface cover was far more important than any other

fac tor  in  reduc ing eros ion.

Both simulated and natural rainfall were used in a Wisconsin study to

observe the impacts of t i l lage systems on runoff and soi l  loss (Andraski et

a l . , 1983). A t  h i g h  s i m u l a t e d  r a i n f a l l  i n t e n s i t y ,  r e d u c t i o n s  i n  r u n o f f  o f

38, 21 and 23 percent were observed from chisel plant, reduced till, and

no- t i l l  sys tems,  respect ive ly .  The percent  reduct ions in  runof f  fo r  lower

intensity rainfal l  periods in two years of study were as fol lows: n o - t i l l

(56, 69 percent),  reduced t i l l  (42, 68 percent),  and chisel (38, 67

percent ) . Under  natura l  ra in fa l l ,  conservat ion t i l lage reduced runof f

losses by 85 to 90 percent compared to conventional tillage over a two-year

per iod. No- t i l l  and reduced- t i l l  t reatments  (s imula ted ra in fa l l )  had

s ign i f icant ly  lower  so i l  losses than the convent iona l  t reatment  for  a l l

t h r e e  r a i n f a l l s . The percent  reduct ions in  so i l  loss  re la t ive  to

convent iona l  t i l lage for  the two low and one h igh in tens i ty  ra in fa l l  were

89, 85 and 91 percent for no-t i l l ,  61, 60 and 87 percent for reduced t i l l

and 60, 46 and 87 percent for chisel t i l l .  Observations by Andraski et

a l .  noted the fo l lowing: 1) among the three conservation systems, although

chisel and reduced t i l l  result  in approximately 45 percent of the residue

cover  as  under  no- t i l l ,  runof f  losses were not  s ign i f icant ly  d i f fe rent  and

2) soi l  losses among the conservation treatments were signif icantly less

from the. no-till system for the two 1983 sampling periods.

b. Changes in phosphorus levels leaving the f ield.

Recently, conservation t i l lage methods have received considerable attention

as management alternatives for reducing pol lutant loads in agricultural

r uno f f . The majori ty of phosphorus (P) in agricultural runoff is normally

attached (adsorbed) to sediment. Because of this, erosion control

practices show promise for reducing total phosphorus (TP) in runoff and,

accordingly, TP inputs to surface waters (Mueller et al . ,  1983). While

some studies have shown that practices which reduce erosion also decrease
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TP losses (Romkens et al., 1973; Siemens and Oschwald, 1976), others have

also shown that soluble P concentrations and losses (which are a relatively

small  port ion of TP) may be greater with conservation t i l lage (Barisas et

a l . , 1978; McDowell and McGregor, 1980). Researchers have also observed

that higher concentrat ions of soluble P may be primari ly attr ibuted to a

lack of incorporation of fert i l izer P and to a release of P from crop

residue (Timmons et al., 1973).

Using simulated rainfal l  on corn plots in, Wisconsin, Mueller et al .  (1983)

determined that concentrat ions of TP in runoff were signif icantly reduced

a t  no - t i l l  s i t es  compared  t o  conven t i ona l  o r  ch i se l  t i l l  s i t es .  Ac tua l

reduct ions for  no- t i l l  averaged 79 percent .  F ina l  eva luat ion o f  the

three-year Honey Creek watershed study (U.S. Army Corps of Engineers, 1981)

revealed that reduced tillage lowered TP in runoff by 26 percent as

compared with conventional t i l lage. No- t i l l  reduced TP in  runof f  by 64

p e r c e n t . Logan and Adams (1981) indicated that conservation tillage

greatly reduced soil loss and TP loss, but the percent reduction of TP was

89 percent  o f  the reduct ion in  so i l  loss .  A l len e t  a l .  (1980)  s tud ied

erosion, runoff,  and nutr ient loss with conventional t i l lage and

conservation tillage in six small watersheds in western Iowa over a

four-year  per iod. They found that although the concentration of available

(dissolved) P was about three times higher in soil eroded from

conservat ion- t i l led  f ie lds ,  loss  o f  TP was typ ica l ly  less  wi th  conservat ion

ti l lage because erosion was signif icantly reduced.

c . Factors  a f fec t ing resu l ts  o f  conservat ion t i l lage

As supported above, conservation tillage generally reduces soil loss when

compared with conventional t i l lage. However, i ts effects on crop yields

are not  a lways benef ic ia l . Unfortunately, even with the knowledge of

tillage system requirements now available, crop yields may not always equal

yields obtained with conventional t i l lage on some soi ls. For the most

part,  reduced crop yields attr ibuted to the use of conservation t i l lage

have been associated with part icular soi ls having inherent physical
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l i m i t a t i o n s . These include drainage problems, soil wetness levels (both

degree and frequency of wetness), structural stabi l i ty, water percolat ion,

imperv ious or  res t r ic t ive  layers  in  the so i l  p ro f i le ,  and sur face so i l

texture (Cosper, 1983; Mueller et al. ,  1983).

Runoff wi l l  t ransport less P to water bodies when conservation t i l lage is

pract iced, but the concentrat ions transported by runoff water can be

higher . The net outcome wil l  therefore vary from situat ion to si tuat ion

(Crosson,  1982) .  I f  phosphorus fer t i l i zer  is  not  banded or  dr i l led in to

the f ield at the t ime of appl icat ion, phosphorus losses may be higher with

conservation t i l lage because this pract ice disturbs the topsoi l  less (Logan

and Adams, 1981). Mueller et al.  (1983) supports this theory and concludes

that  h igher  concent ra t ions o f  so lub le  P are pr imar i ly  a t t r ibutab le  to  a

lack of incorporation of fert i l izer P and to a release of P from crop

residue.

The fact that conservation t i l lage leaves more residue on the surface is

the primary reason that soi l  loss is always less on these plots.

Wischmeier (1973) found that soi l  lost to water erosion was inversely

related to the percentage of the soi l  surface covered by residue. He also

found that surface cover was far more important than any other factor in

reducing erosion with conservation t i l lage relat ive to conventional

t i l l a g e .

B.  Contour ing

Contouring, which is one of the oldest conservation techniques used in the

U.S. , involves plowing, planting and harvesting in a direct ion

perpendicular to the slope of the land. The contour furrows catch and hold

water during rainstorms and reduce runoff velocity, thereby increasing the

t ime for  in f i l t ra t ion and reduc ing eros ion.  Contour ing is  f requent ly

pract iced on gentle slopes since i t  is most effect ive on a three to seven

percent grade (Beasley et al. , 1984). Contouring is general ly used with

str ip cropping; however, i t  can also be effect ively used in combination
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with other conservat ion pract ices such as conservat ion t i l lage, terracing,

and terracing with grassed waterways.

Numerous studies have examined the effect of contouring in reducing both

soil and phosphorus losses. Other studies have estimated costs for the

init ial  contouring and subsequent annual costs. A synopsis of cost and

effect iveness studies of contouring is contained in Table A-2. A general

discussion of cost and effect iveness of contouring in control l ing soi l

erosion and phosphorus losses is presented below.

1. Costs of Contouring

Lit t le data are avai lable on contouring costs because, l ike conservation

ti l lage, the costs are represented by increased labor requirements due to

a decrease in eff iciency. In  add i t ion  to  the in i t ia l  investment  costs ,  the

cost of contouring is largely associated with reduced eff iciency of labor

and machinery due to irregular cult ivat ing, planting and harvesting

patterns that would not have been fol lowed with conventional t i l lage.

Marginal cost est imates of reduced labor eff iciency are reasonably

straightforward, being based on an hourly wage. However, costs associated

with decreased machinery eff iciency are considerably more dif f icult  to

estimate.

a. In i t ia l  investment  cost

Init ial  investment expenditures are required for the surveying of the land

to be contoured, and development of the contoured fields. Field boundaries

must carefully be set so that they are plowed perpendicular to the slope of

the land; accordingly, the greater degree of f luctuation in topography, the

higher the implementat ion cost. Land which has been under straight-row

tillage may have developed gullies from erosion; consequently, investment

costs wil l  vary depending on the work necessary to el iminate gul l ies or

other irregulari t ies on the land to be contoured.
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Table A-2.  Summary of contouring cost and effectiveness literature regarding the reduction of phosphorus and sediment losses
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Few estimates are available regarding investment costs for contouring, and

l i t t le detai l  is provided in these studies regarding how the est imates were

derived. In Allen County, Indiana, instal lat ion costs were est imated at $2

per acre in the Black Creek watershed. This watershed was chosen for a

comprehensive study of agricultural BMPs, of which contouring was a

relatively minor component, being used on only 769 acres (Lake and

Morr ison,  1977) . Average instal lat ion cost est imates in I l l inois were $11.

per acre for contour str ip cropping. These costs, est imated as a

statewide average by the Soil Conservation Service, are used for

cost-sharing est imates (Lewis, 1985). Cost est imates by the Agriculture

Stabilization and Conservation Service (ASCS) in 1983 were as high as $29

per acre (EPA, 1984). Unfortunately few detai ls were avai lable regarding

th is  es t imate . Apparently ASCS does not have a cost-sharing program for

contouring in most states (with the exception of I l l inois) and,

accordingly, does not have extensive cost data for contouring.

b. Operation and maintenance costs

Operation and maintenance (O&M) costs associated with contouring are

general ly quite site specif ic and thus highly variable. The major expenses

include additional labor and equipment costs required to plow according to

f ie ld  topography. In addition, some land may effectively be taken out of

production because the end rows may be too narrow to be tilled effectively.

Smith et al. (1979) estimated that O&M costs would increase by 10 percent

over straight row t i l lage for a total increase of $3 to $4 per acre in

typical si tuations throughout the U.S. However, they also noted that O&M

costs could be 30 to 40 percent higher than straight row tillage in extreme

s i t ua t i ons . Quinn et al. (1984) used the study by Smith et al. and

estimated O&M costs to be over $5 per acre. In a study in Colorado, O&M

costs associated with contouring were estimated to range from $3 to $5 per

acre (Toups Corp., 1977). This estimate is in agreement with the Minnesota

Soil Conservation Service (SCS) estimate of $4 per acre (Dansdill, 1985).
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c . Crop yields

Some studies have indicated potential  for increases in crop yields on

contoured versus uncontoured cropland. Because the contoured furrows slow

runof f  and thereby increase in f i l t ra t ion,  add i t iona l  mois ture is  ava i lab le

for the crops grown. Accordingly, in dry years, yields are expected to be

increased over straight-row planted f ields; conversely, in wet years or on

poorly drained soi ls, crop yields may be lower (Smith et al. ,  1979).

Few recent studies have documented changes in yields on contoured fields,

however. Stal l ings (1945), in a review of other studies, found that the

average increase in corn yields was 17 percent while soybean yields

increased by 14 percent. These studies were conducted in many different

states and under various growing conditions. Van Doren et al. (1950) in an

Il l inois study found that corn yields were nearly three percent higher on

contoured versus straight row plots for the nine crop years studied;

increases in yields on contoured soybeans were approximately five percent

greater than on straight row soybeans. Similar results were also obtained

in studies in South Dakota (Onstad, 1972).

2. Effect iveness of Contouring in Reducing Nonpoint Pol lut ion

Contour  t i l lage is  an impor tant  pract ice  in  the cont ro l  o f  so i l  and

phosphorus losses. It is inexpensive and in many cases easily applied.

However, since contouring is general ly used in conjunction with other

conservat ion pract ices, there are few studies that show the effect iveness

of the pract ice i tself .  Furthermore, most studies concerned with

contouring do not estimate reductions in phosphorus losses.

Contour tillage is most effective on moderate slopes and topography and is

considered more effect ive on well-drained soi ls and in areas without

h i g h  r a i n f a l l . A discussion of the effect iveness of contouring in reducing

soi l  and phosphorus loss is presented in the fol lowing sect ions.
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a. Reduction in soil and phosphorus losses

In a study conducted in I l l inois (Van Doren et al. ,  1950) contour

was found to be effect ive in reducing soi l  losses. On plots with

t i l l a g e

a two

percent slope, soil losses were reduced by 1.3 tons per acre (41 percent)

for corn, 2.1 tons per acre (78 percent) for soybeans and 0.3 tons per acre

(38 percent) for bats. Researchers concluded that soi l  losses were

considerably lower from soybean than corn crops because soybean plants

develop much faster. Also, both soybeans and oats are normally planted

closer together helping to reduce soi l  losses. In  these t r ia ls  an analys is

was also made of dissolved P losses in runoff; however, traces of

phosphorus were too small to measure (Van Doren et al., 1950). Apparently,

no analysis was completed regarding phosphorus losses adsorbed to the

eroded sediment.

Bedel l  et al .  (1946) studied the effects of several conservation pract ices,

including contour tillage, on sediment and phosphorus losses. Sediment

losses from corn and wheat crops, planted on fields with a slope of two to

f ive percent, were reduced by 78 and 88 percent, respectively. Reductions

in phosphorus losses were also considerable, although these data must be

interpreted with some caution because of the f ield condit ions at the t ime.

In these experiments, contouring was combined with higher levels of

fer t i l i za t ion,  inc lud ing appl icat ions o f  manure;  consequent ly ,  add i t iona l

phosphorus was ava i lab le  for  poss ib le  eros ion.  Never the less,  to ta l

phosphorus losses were reduced by 74 and 85 percent from the corn and wheat

f i e l ds ,  r espec t i ve l y .

In Iowa, soil erosion on test plots with a 12 percent slope averaged 25

tons per acre. Contouring reduced this loss by 60 percent to only 10 tons

per acre (Moldenhauer and Wischmeier, 1960). The authors concluded that

the effectiveness of contouring decreased as storm erosivity increased and

for very erosive storms, soi l  loss from contouring exceeded that from

st ra ight  row p lant ing. I t  i s  impor tant  to  note  that  in  these p lo t  tes ts ,

the plots were only 73 feet long (which was determined to be the average
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length  o f  s lope) . Acco rd ing l y  t h i s  a r t i f i c i a l  r es t r i c t i on  on  s l ope  l eng th

may have resulted in better erosion control than would actual ly be obtained

on a typical field with the same grade of slope (Moldenhauer and 

Wischmeier, 1960).

Contour t i l lage of corn moderate slopes in eastern South Dakota was

found to  be very  e f fec t ive in  cont ro l l ing so i l  eros ion.  In  s ix  years  o f

plot tests, soi l  erosion from contoured plots was reduced by nearly 2.3

tons per acre (85 percent) from c o n v e n t i o n a l l y  t i l l e d  p l o t s .  H o w e v e r ,

Onstad (1972) noted that in actual f ield condit ions where the slope length

is  not  res t r ic ted by the s ize o f  the p lo t  ( in  th is  case,  73 feet ) ,

contouring may not be as effective. On longer slopes, rainwater may be

more l ikely to wash over furrows and not effect ively l imit erosion as on

slopes with a maximum length of 73 feet.

In  nor thern Miss iss ipp i , contour t i l lage of corn was found to decrease soi l

loss on highly erodible soi ls by over 70 percent. The slope length on al l

plots in these tests was also l imited to 73 feet (Carter et al . ,  1968).

Reduction in soi l  loss as a result  of contouring on gentle slopes with a

two to eight percent grade is generally in the range of 40 to 60 percent,

accord ing to  severa l  s tud ies o f  pub l ished l i te ra ture .  For  example,  the

International Joint Commission (1983) concluded that soil losses could be

reduced by 50 percent due to implementation of contour tillage in the Great

Lakes Basin. This conclusion was based on a review of numerous studies,

many of which were based in Ontario, Canada (Bos, 1983; International Joint

Commission, 1983).

Some studies concluded that contouring was also effective in reducing

phosphorus losses. Reductions of total phosphorus loss generally ranged

from 35 to 65 percent (Bos, 1983; International Joint Commission, 1983);

however, the reduction was only 25 percent for soluble phosphorus (Logan

and Forster, 1982).
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b. Factors affect ing contouring effect iveness

Numerous factors are responsible for determining the effectiveness of

contour ing in  cont ro l l ing so i l  and nut r ient  losses. Variat ions in weather

patterns from one year to the next can considerably affect soil and

phosphorus losses on a contoured field, as was shown by research in Iowa

(Haith, 1979). I f  heavy rainfal l  occurs over a short period of t ime, the

contoured furrows may be washed over with soil and nutrients washed away at

a rate even higher than straight-row t i l lage (Onstad, 1972; Smith et al . ,

1979). Also, since contouring reduces soi l  and nutr ient loss by increasing

in f i l t ra t ion,  i t  i s  more e f fec t ive  on permeable  so i l  than on so i l  o f  h igh

clay content (Humenik et al. ,  1982).

While rainfal l  patterns and soi l  types are important factors in determining

the effect iveness of contouring in control l ing soi l  and phosphorus losses,

probably the most cr i t ical factors are slope and slope length. Contouring

is generally only effective on slopes with a grade ranging from two to

eight percent; even over this range of slope, the effect iveness of

contouring varies inversely with percent slope. According to one study,

contouring will reduce erosion by less than 10 percent on slopes of 18 to

24 percent (Bos, 1983). In addit ion to slope, length of slope is also

cr i t ica l  when ra in fa l l  exceeds in f i l t ra t ion capac i ty  and sur face detent ion.

Break-overs of contour rows often result  in concentrat ions of runoff that

tend to become progressively greater with increases in slope length.

Therefore, on slopes exceeding some critical length, the amount of soil

removed from a contoured field may approach or exceed that from a field on

which each row carries its own runoff water down the slope. The slope

length at which this could be expected to occur depends on field gradient,

so i l  p roper t ies ,  cu l t i va t ion prac t ices ,  and s torm character is t ics

(Wischmeier and Smith, 1978). F ina l l y ,  t opog raphy  i s  a l so  a  c r i t i ca l

fac tor  in  determin ing the e f fec t iveness o f  contour ing.  Contoured f ie lds

must  be f ree o f  gu l l ies  or  o ther  i r regu lar i t ies  to  e f fec t ive ly  cont ro l

erosion of soil and phosphorus.
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C. Terraces

Terraces, along with str ip cropping and contour t i l lage, are support

practices that complement the more cultural and management types of erosion

cont ro l  p rac t ices , such as crop rotat ion and conservation t i l lage. A

terrace is an earthen embankment, channel, or combination of ridge and

channel constructed across a slope (Highfi l l ,  1983). Terraces are designed

to reduce sheet and rill erosion between terraced sections by reducing

slope run lengths. Also, deposit ion along the terraces may trap the

sediment eroded from above. Deposited sediment thus remains on the field

and is then redistr ibuted by the farmer, thereby reducing the deteriorat ion

caused by erosion (Foster and Highfi l l ,  1983).

Terraces are classif ied according to al ignment, cross sect ion, grade and

type  o f  ou t l e t . A l ignment  can be para l le l  or  nonpara l le l .  There are four

main classes of terrace cross sect ions. Broad-base terraces are

constructed so that the entire r idge and channel can be planted and

harvested. Flat-channel terraces feature level benches that store runoff

for use by crops. Steep-backslope terraces have ridges constructed wholly

or  in  par t  o f  so i l  f rom the downhi l l  s ide o f  the r idge.  The s teep

backslopes are not cropped but instead devoted to permanent plant cover.

Narrow-base terraces are similar to steep-backslope terraces, but both

sides of the ridge are steep and planted to permanent vegetative cover.

By grade,  ter races are c lass i f ied as e i ther  grad ient  or  leve l .  Grad ient

ter races are  const ruc ted wi th  suf f ic ient  s lope to  the out le t  so  that  runof f

is removed with minimal erosion. Level terraces are constructed so that

runoff seeps into the soi l ,  ei ther to conserve moisture, reduce erosion, or

both. Outlets can include grassed waterways, wooded draws, drop

s t ruc tu res ,  and  d ra i n  t i l e s .

In the past ten years, there have been numerous studies on the impacts of

ter races on so i l  e ros ion and nut r ient  loss  f rom agr icu l tura l  f ie lds .  The

methodologies have varied greatly in their use of actual f ield data,

simulation models, and combinations of the two. Several studies examined
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the effect iveness of terracing in reducing phosphorus loss but none that

were reviewed actual ly calculated the cost-effect iveness of terraces in

reducing phosphorus loss. A general summary of cost and effectiveness of

terracing in control l ing soi l  and nutr ient loss is presented below and

summarized in Table A-3.

1 .  Costs  o f  Ter rac ing

Because each terrace installation must be designed to meet the particular

character is t ics  o f  that  s i te ,  the costs  o f  te r rac ing are  very  s i te

s p e c i f i c . Whi le  the base pr ice  ( i .e . , p r i c e  p e r  l i n e a r  f o o t )  i s  f a i r l y

constant  for  a  g iven type o f  s t ruc ture ,  the actua l  s ize or  l inear  feet  o f

terrace per acre varies from location to locat ion. To determine the cost

for terraces, researchers have generally combined the yearly operation and

maintenance est imates with an annual ized establ ishment ( instal lat ion) cost

discounted over the expected l i fe of the structure.

a . In i t ia l  investment  cost

Investment costs include the use of equipment and labor for the

const ruc t ion o f  the ter race. Terraces can be constructed with a moldboard

disc or plow, terracing bul ldozer, scraper, or similar equipment. There

may also be engineering costs for the planning and placement of terraces,

but often these are provided by local Soil Conservation Service personnel

a t  l i t t le  or  no cost  to  the landowner .

At the Black Creek watershed in Indiana, investment costs were estimated at

$0.25/ foot  for  grad ient  ter races,  $0.75/ foot  for  para l le l  te r races and

$1.00/ foot  for  para l le l  te r races wi th  t i le  out le ts  (PTO) (Lake and

Morrison, 1977). Per acre estimates can vary greatly even within studies,

depending upon soil series and topographies assumed or recorded. In Bos's.

(1983) review of conservation l i terature, he found actual f ield data on

terrace establishment costs to vary from $296 to $815 per acre of terrace

in the Great Lakes Basin. The economic l i fe of terraces is usual ly

estimated to be from 15 to 20 years (Haith and Loehr, 1972; META, 1979).
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b. Maintenance costs

Terrace systems require frequent maintenance if they are to function

proper ly . Keeping the terrace channel from f i l l ing up with sedimentat ion

is one of the maintenance requirements for terraces. The other is upkeep

of  the out le t ,  i f  there  is  one ( t i le ,  grassed waterway,  or  drop s t ruc ture) .

Again, this cost is direct ly related to the size and number of terraces.

While some prefer to est imate the cost as a percent of the ini t ial

investment, usually three percent (Spomer et al., 1974; Lake and Morrison,

1977), others have used a flat rate such as $0.30/ft and $28/cropland acre

(META, 1979; Lewis, 1985). Upkeep of the terrace and i ts outlet help

extend the useful l i fe of the terrace, and hence i ts cost-effect iveness

(Walker 1977).

c . Effects on variable costs and yields

When terraces are constructed, some portion of the acreage base is

gene ra l l y  l os t . Some of the associated yield that is lost, however, may  be

offset by productivi ty gains on remaining acres. The general consensus is

that crop yields may increase in dry areas in which terraces have been

bui l t  to  co l lec t  ra in fa l l  and conserve so i l  mois ture ,  but  a  negat ive  impact

results in wetter areas, especial ly on land that is poorly drained (Carter

e t  a l . , 1968; George et al., 1978; META, 1983). In 1945, Stallings noted

yield increases of 36 percent in sorghum, 55 percent in wheat, 42 percent

in cotton, 6 percent in corn and 4 percent in oats on dry areas. that had

been terraced.

2. Effect iveness of Terracing in Reducing Nonpoint Pol lut ion

The purpose of a terrace system (terraces and outlets) is to provide an

orderly removal of runoff water. Terraces have proven to be effective in

reducing transport of eroded soi ls from f ields, although they require soi l

disturbance and are expensive to build. In  add i t ion to  a l lowing t ime for

so i l  par t ic les  (and the nut r ients  there in)  to  set t le  out  o f  suspens ion,
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ponding of runoff behind terraces can increase inf i l t rat ion and therefore

reduce surface runoff. A discussion of the effect iveness of terracing in

reducing soi l  and phosphorus loss is presented in the fol lowing sections.

a. Reduction in soil and phosphorus losses

Burwell  et al.  (1974) used f ield data col lected during a two-year study in

Iowa to determine the qual i ty of water leaving a 390-acre level terraced

watershed. To evaluate the influence of the terraces on sediment and

nutrients in runoff water, data obtained from the watershed were compared

to an 83-acre contour planted corn cropped watershed located 11 miles away.

Slopes ranged from 2 to 13 percent, and the soil was considered to be

natura l ly  eros ive. Based upon a two-year average, sediment loss from the

terraced f ield was four percent of the level recorded from the unterraced

watershed. Total phosphorus runoff was 54 percent lower from the terraced

watershed than from the unterraced watershed over the two-year period.

Spomer et al. (1973), in a study in the Missouri Valley, compared soil loss

on a grassed-backslope level terraced watershed and an unterraced

watershed, both growing corn. The research included f ield data col lected

over a three-year period. Terracing reduced soil loss from 25 to 1

tons/acre/year (TAY), a 96 percent reduction.

Haith and Loehr's 1979 l i terature review noted the fol lowing conclusions

and results:

Terraces without water storage facilities on the less permeable

so i ls  are  not  as  e f fec t ive  in  cont ro l l ing  runof f  vo lume

(Baver et al . ,  1972).

Terraces are more effect ive in reducing soi l  erosion than in

reduc ing runof f  (Sta l l ings,  1945) .

Because terraces retain soi l  on the land, they substantial ly

reduce losses of strongly adsorbed substances such as total

phosphorus (Smith et al., 1978).
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Impoundment terraces, however ,  ac tua l ly  increase the loss o f

soluble inorganic nutr ients to the groundwater below the terraced

f i e l d .

Based on a literature search and personal communications, Bos (1983)

compiled information on agricultural pract ices implemented in the Great

Lakes Basin. Fact sheets for BMPs were designed to include pollutants

control led, costs, effect iveness, advantages and disadvantages. Some of

the conclusions of this study were:

Terraces were described as being highly effect ive in control l ing

erosion and reducing runoff,  but their effect iveness was

dependent on outlet design.

Terraces that reduce slope length by 50 percent reduce erosion by

about 20 percent.

Relative to up and down farming, terraces reduce sediment losses

by greater than 90 percent and total phosphorus losses by 75

percent.

Bos concluded that due to their high cost, i t  is unl ikely that terraces

wil l  be constructed solely based on water qual i ty issues. It may be more

economical to change from row crops to forage to reduce pollutant. levels

t han  t o  i ns ta l l  t e r r aces . Also, considerat ion must be given to the fact

that terraces require engineering design and construct ion supervision.

In August 1983, the Nonpoint Source Control Task Force of the Water Quality

Board of the International Joint Commission submitted a report to Congress

which contained an evaluation of nonpoint remedial practices in the Great

Lakes Basin. Terraces were among the structural pract ices evaluated. The

fol lowing conclusions were contained in the report:

By reducing the velocity of water runoff,  pol lut ion of waterways

by suspended sediments is reduced.
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Terraces cost in the range of $30-40 per kilogram of sediment

reduced.

The central theme or conclusion of many of the research reports seemed to

be that terraces are a very effective means of reducing runoff, and

therefore  so i l  and nut r ient  losses. Their cost-effect iveness however, is

questioned since a majori ty of the researchers concluded that i t  is often

cheaper to change tillage or cropping patterns as compared to implementing

a support pract ice such as terracing.

b .  Factors  a f fec t ing ter rac ing e f fec t iveness

The land slope and length of slope, and the abi l i ty of the soi l  to absorb

moisture are the most crucial  factors that inf luence the effect iveness of

terracing (Bos, 1983). Terraces are generally used on land with a slope of

up to 12 percent. Above that  grade,  they are  s t i l l  e f fec t ive ,  but  the

placement of individual terraces too close together usually becomes more of

a nuisance to the farmer. Crop yields are most dependent upon soil

moisture. In dry areas where terraces increase the water available in the

subsoil ,  they result  in both decreased soi l  loss and increased yields. In

areas. where water does not drain well, however, terraces may have a

negative impact on yields (Haith and Loehr, 1979).

D. Grassed Waterways

Early terrace systems resulted in problems when inadequate design did not

al low transport of the concentrated runoff away from the terraces. One

solution which now exists is the grassed waterway. Grassed waterways are

natural or constructed vegetated depressions which retain and redirect

runof f  water  whi le  prevent ing the format ion o f  r i l l s  or  gu l l ies .  They are

constructed in natural f ield depressions or at f ield edges where runoff

tends to concentrate. I n  a d d i t i o n  t o  p r e v e n t i n g  g u l l y  f o r m a t i o n ,  t h e

vegetat ion decreases runof f  by  fac i l i ta t ing in f i l t ra t ion and t rapp ing

sediment part icles, therefore reducing sediment del ivered to receiving
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waters. Grassed waterways reduce erosion more than runoff volume and thus

are best used in conjunct ion with other runoff-reducing pract ices such as

conservation t i l lage and contouring.

Numerous studies have examined the effect of grassed waterways in reducing

soi l  sediment losses; however ,  l i t t le  quant i ta t ive  data  are  ava i lab le

concerning the reduction in phosphorus losses. Other studies have

estimated installation costs and subsequent operation and maintenance

costs, though few studies have examined both costs and effectiveness.

Table A-4 summarizes grassed waterway cost and effectiveness literature

regarding the reduction of phosphorus and sediment losses. A general

discussion of cost and effect iveness of grassed waterways in control l ing

soil erosion and phosphorus is presented below.

1. Costs of Grassed Waterways

Costs for grassed waterways are quite si te specif ic,  as size of the

waterways is determined by watershed slope and acres drained. Therefore,

l i t t le  data  is  ava i lab le  regard ing grassed waterway costs .  Th is  inc ludes

init ial  investment costs and increased costs associated with reduced

eff iciency of machinery i f  the waterway interferes with large machinery. A

potential ly more important cost is the opportunity cost of land that can no

longer be planted to crops because i t  is part of the waterway

a. In i t ia l  investment  cost

Init ial  investment costs include surveying the land to determine location

and size of the waterway, discing of the area, el iminating gul l ies,

ins ta l l ing t i le  dra inage i f  needed,  fer t i l i z ing,  and p lant ing grass seed.

Investment costs vary depending not only on the size of the waterway but

also on the amount of preparation required to el iminate gul l ies or other

i r regu lar i t ies  on the land des ignated for  ins ta l la t ion o f  the grassed

waterway.

A-28



A-29

Table A-4. Summary of grassed waterway cost and effectiveness literature
regarding reduction of phosphorus and sediment losses



Few estimates are avai lable regarding investment costs and l i t t le detai l  is

provided in these studies regarding how the estimates were derived.

Average instal lat ion costs in I l l inois were broken into two segments:

1) earth-moving costs, and 2) seed, fert i l izer and mulching costs. These

costs, across seven different plots, ranged from $969 to $1,596 per acre

for earthmoving costs, and $228 to $502 per acre in seed, fert i l izer and

mulching costs. Therefore, the total average instal lat ion costs were

$1,197 to $2,000 per acre of grassed waterway. These costs, estimated as a

statewide average by the I l l inois SCS, are used for cost-sharing est imates

(Lewis, 1985).

In Allen County, Indiana, instal lat ion costs were est imated to be $1,200

per acre. This cost is based on contracts awarded in Black Creek (Lake &

Morrison, 1977). The SCS in North Carolina estimated grassed waterway

instal lat ion costs of $1,200 per acre (Humenik et al . ,  1982), whi le the

Michigan SCS estimated $2,200 per acre ini t ial  cost (Clark, 1985). Cost

estimates by the Ohio SCS for northwest Ohio were as high as $3,000 per

acre. For purposes of this study it was assumed, based on previous work by

Logan and Forster (1982), that each waterway (1,500 feet by 30 feet) would

drain an area of 75 acres.

b. Operation and maintenance costs

Operation and maintenance costs associated with grassed waterways are again

qui te  s i te  spec i f ic  and,  accord ing ly ,  are  h igh ly  var iab le .  Few est imates

are avai lable regarding total operation and maintenance costs and l i t t le

detail is provided in these studies regarding how the estimates were

de r i ved .

Based on costs developed by the SCS in North Carolina, Humenik et al.

(1983) estimated an annual operation and maintenance cost of 5 percent of 

investment cost or $60 per acre. Iowa SCS estimated 3 percent yearly
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operation and maintenance cost while Michigan SCS reported a $60 per acre

operation and maintenance cost which is also 3 percent of the investment

cost (Mussetter, 1985; Clark, 1985). In  the I l l ino is  s tudy,  the average

O&M costs ranged from $196 to $344 per  acre (Lewis, 1985).

c. Crop yields

Grassed waterways do not have a direct effect on per acre crop yields.

However, some acreage is lost from crop production as a result of

instal lat ion of grassed waterways on productive acreages. Humenik et al.

(1982) estimated from 1980 SCS statistics that six percent of the cropland

protected by the grassed waterway is used for the waterway itself;

therefore,  by th is  est imate,  a l l  c rop inputs  are potent ia l ly  reduced by s ix

percent ,  as  is  y ie ld . Other estimates such as Logan and Forster's (1982)

estimate that one acre of grassed waterway serves 75 acres of crop, and

imply that crop inputs and yields are only reduced by less than two

percent.

2. Effectiveness of Grassed Waterways in Reducing Nonpoint Pollution

Grassed waterways are an essential part of soil conservation on many farms.

However, since grassed waterways are generally used in conjunction with

other conservation practices, there are few studies that show the

ef fec t iveness o f  the  prac t ice  i tse l f . Furthermore, most studies concerned

with grassed waterways do not estimate reductions in phosphorus losses.

Grassed waterways may be constructed on slopes ranging from 0.1 percent to

greater than 5 percent on most soils (Bos, 1983). When used in conjunction

with other conservation pract ices, they should be effect ive even on steep

s lopes (Clark  e t  a l . ,  1985) . A discussion of the effect iveness of

waterways in reducing soil and phosphorus losses is presented in the

f o l l o w i n g sect ions.
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a. Reduction in soil and phosphorus losses

In an analysis of two sample watersheds by Foster et al. (1979), it was

found that grassed waterways signif icantly reduced sediment loss. In a

Georgia Piedmont watershed, sediment was reduced from 6.9 to 2.4 tons per

acre, a 65 percent reduction. A 62 percent reduction was observed in a

west Tennessee watershed, reducing the sediment loss from 34.3 to 12.9 tons

per acre. Although some of this reduction is due to el imination of erosion

in the waterway, much of the reduction is due to deposition in the waterway

(Fos te r  et al., 1979).

The Nonpoint Source Control Task Force of the International Joint

Commission concluded that grassed waterways can successfully reduce soil

losses up to 60 to 80 percent in the Great Lakes Basin. This conclusion

was based on various United States and Canadian watershed studies

(International Joint Commission, 1983). This estimate is in agreement with

a 70 percent reduction noted by Bos (1983) in which numerous Canadian

publications were reviewed.

Based on reviews of the literature, some studies concluded that grassed

waterways were effective in reducing phosphorus losses, while others

estimated no effect on phosphorus losses. Reductions of total phosphorus

losses resulting from installation of grassed waterways ranged from 5 to 50

percent (Bos, 1983; EPA, 1984). In a study prepared by the Corps of

Engineers on Lake Erie, it was estimated that the cost of implementing

grassed waterways for each pound of phosphorus prevented from reaching

basin rivers was $44. In comparison, the International Joint Commission

(1983) estimated that grassed waterways were more cost-effective with an

average cost of $23 per pound of total phosphorus reduced, Logan and

Forster (1982) estimated a 50 percent reduction in total phosphorus at an

annual cost of $50 per pound of phosphorus reduced.

b. Factors affecting grassed waterway effectiveness

Numerous factors are responsible for determining the effect iveness of

grassed waterways in control l ing soi l  and nutr ient losses. Although there
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are very  l i t t le  data ava i lab le ,  i t  appears  vegetat ion type is  a  main

f a c t o r . As stated earl ier,  one erosion-reducing effect of grassed

waterways is to f i l ter sediment from runoff causing in-f ield deposit ion of

eroded soi l . However, without upland conservation and maintenance,

waterways may become silted in and ineffective as the water flow is altered

by deposit ion in the waterway i tself .

Since most nutr ients (especial ly phosphorus) in surface runoff are attached

to the clay fract ion of sediment, the usefulness of vegetat ion for reducing

nut r ient  loads wi l l  depend on i ts  ab i l i ty  to  f i l te r  sed iments  f rom sur face

and shallow-channel runoff. Studies show that the sediment-trapping

capabil i ty of vegetat ion varies with the slope and slope length before the

water  reaches the f i l te r . As noted by EPA (1978), a 1974 study by

Mannering and Johnson found a 54 percent reduction in sediments in a 15-

mile str ip of bluegrass sod. Another study of surface runoff through heavy

cornstalk residue on the lower 10 feet of a 35-foot erosion plot carr ied

only three to five percent of the sediment expected from a bare surface

(EPA, 1978). Bos (1983), in a summary of several studies, recommended tall

fescue grass. Tal l  grass slows the speed of the runoff.  However, short

grass in the waterway stops or traps less sediment, creates a heavier stand

of grass, and causes less turbulence in the f lowing water. Consequently,

there would be less potential for damage to the grassed waterway (Halsey

and Bolin, 1979), minimizing operation and maintenance costs.

waterway.

F ina l ly ,  topography is  a lso a  cr i t ica l  fac tor  in  determin ing the

effectiveness of grassed waterways. Gullies should be filled and packed

frequently with heavy rubber-t ire equipment as earth is added. Otherwise

these spots may settle and erode, reducing the effectiveness of the grassed

E. Fert i l izer Management Practices

Fert i l izer nutr ients are lost through surface runoff,  seepage through the

soi l  prof i le, or conveyance off a f ield while being appl ied. The most
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e f f ec t i ve  p rac t i ces  o f  con t ro l l i ng  f e r t i l i ze r  l osses  a re  p reven t i ve

measures such as reducing either the amount of fert i l izer ini t ial ly appl ied

o r  t he  vu lne rab i l i t y  o f  f e r t i l i ze r  t o  runo f f  (C la rk  e t  a l . ,  1985 ) .

Research o f  management  pract ices re la t ing to  fer t i l i zer  app l ica t ion have

addressed three areas: (1)  ra te  o f  app l ica t ion,  (2)  method of  app l ica t ion,

and (3) t iming or seasonali ty. Each issue will be discussed in the

fol lowing sect ions, with summaries given of research results.

1 .  Rate o f  Appl icat ion

Fertilizer application rates are recommended based on crop needs for

targeted yields and the natural soi l  fert i l i ty. Rates may be changed in an

effort  to reduce costs or improve crop production. Rates appl ied in excess

of recommended values generally produce only small increases in crop yields

whereas application rates substantially less than recommended may result in

losses of potential yields (Johnson and Moore, 1978). An economic analysis

of phosphate fert i l izer use in Ohio's Lake Erie Basin counties for corn,

soybeans and wheat, shows that there is an overuse of phosphate on corn and

insufficient phosphate use on soybeans. Phosphate fertilizer use on wheat

is at what is considered the economic optimum (Logan and Forster, 1982).

There is a potential  for a long-term increase in phosphorus losses with

high phosphorus appl icat ion rates. Phosphorus appl icat ion greater than

plant uptake wil l  result  in an accumulat ion of phosphorus in the soi l

(Johnson and Moore, 1978; Logan and Adams, 1981) unless it is lost in

runo f f . Research has shown that during the f irst year after high

application rates, only 5 to 20 percent of the excess applied phosphorus

actual ly is avai lable for crop uptake (Simkins, 1976). The exact

consequences of overfert i l izat ion, however, depends on soi l

cha rac te r i s t i c s ,  p l an t s ,  and  app l i ca t i on  me thod .  The  e f f ec t  o f  f e r t i l i ze r

application rate on total nutrient loss may be overshadowed by the normally

high losses of natural ly occurr ing soi l  nutr ients from row crops and small

gra ins . The chemistry and mineralogy of a part icular soi l  affects the

extent to which phosphate fert i l izer is converted to avai lable and
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orthophosphate or sediment extractable (available) phosphorus in runoff.

unavailable forms, and the distribution of phosphorus between those forms

will affect the amounts of total phosphorus and available phosphorus in

runoff (Logan and Adams, 1981). The relationship between phosphorus,

fert i l izat ion and soluble- and sediment- associated losses was well

investigated by Romkens and Nelson (1974). They incorporated three rates

of ordinary superphosphate in the soi l  prof i le and applied simulated

r a i n f a l l . The results indicated that there was an approximately l inear

relationship between phosphorus addition rates and the level of soluble

The total phosphate load reductions that could be obtained by reducing

avai lable phosphorus in agricultural soi ls from 1980 levels down to

sufficiency levels for corn and soybean plants to produce economically were

estimated for the Lake Erie Basin. Reductions were small compared to the

reductions which could be achieved with conservation t i l lage, but could

become more significant if available phosphorus levels in basin

agr icu l tura l  so i ls  cont inue to  r ise  (Logan and Fors ter ,  1982) .  Again ,  th is

can be explained by the fact that the natural reserves of soi l  nutr ients

are normally several t imes greater than amounts of appl ied fert i l izer and

tend to decrease the signif icance of changes in fert i l izer appl icat ion

ra tes . Soluble nutr ient losses, however, wi l l  usual ly show a greater

response to changing application rates; these losses are generally very

minor compared to total nutr ient losses.

2 .  Method of  Appl icat ion

The method of fert i l izer appl icat ion affects phosphorus loss in runoff and

erosion in two ways (Johnson and Moore, 1978). The first is the placement

of  the fer t i l i zer  and the amount  o f  fer t i l i zer  which remains a t  the so i l

surface. Changes in nutr ient content in the soi l  surface result  in changes

in the nutr ient concentrat ion in runoff and soi l  loss. The second

involves the effect which the application method has on the soil surface

condi t ion. Alter ing the surface roughness may affect runoff and soi l  loss

condi t ions (Johnson and Moore, 1978). Sol id forms of fert i l izer may be
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broadcast  and incorporated by any of  severa l  operat ions.  Fer t i l i zer

broadcast (thrown) onto the soil may be allowed to remain on the surface or

incorporated by plowing, discing, or some form of minimum tillage.

Fer t i l i zers  may a lso be appl ied in  incorporated bands.  L iqu id  fer t i l i zers

may be sprayed on the surface, injected, or incorporated with a plow, disc,

or other implement.

Timmons et al.  (1973) completed a two-year study of four fert i l izer

appl icat ion pract ices to determine changes in runoff composit ion.

Phosphorus (and nitrogen) losses were determined by examining the sediment

and water components of surface runoff from fert i l ized and unfert i l ized

plots in Minnesota. Incorporation of broadcasted fert i l izer by plowing was

effect ive in minimizing total phosphorus (and nitrogen) losses in surface

runoff,  since there was no signif icant di f ference in losses between this

t reatment  and the check (no fer t i l i zer ) . Fert i l izer broadcast on a plowed

surface was also effect ive in minimizing nutr ient losses in surface runoff;

favorable inf i l t rat ion condit ions caused much lower sediment and water

losses from the plowed surface and this resulted in reduced nutrient

losses. Incorporat ion of  broadcasted fer t i l i zer  by d isc ing genera l ly

resulted in phosphorus losses that were signif icantly higher than losses

from the check treatment. Broadcasting fert i l izer on a disced surface

(wi thout  incorporat ing)  genera l ly  resu l ted in  the greatest  nut r ient  losses

in surface runoff compared to the other methods of fert i l izer appl icat ion.

An Iowa study observed the effect of various methods of fert i l izer

appl icat ion on corn y ie lds. Y ie lds f rom deep band fer t i l i zer  app l icat ion

p lo ts  averaged 1.7  tons/ha less  than f rom the mul t ip le  po in t - in jec t ion

app l i ca t i on p l o t s . Yields from surface appl icat ion plots averaged 2.5,

2 .8 ,  and 3 .8  tons/ha less than y ie lds  f rom mul t ip le  po in t - in jec t ion for

convent iona l ,  ch ise l  p low,  and no- t i l l  t i l lage pract ices,  respect ive ly

( P r u n t y , 1985).

3 .  T iming o f  Appl ica t ion

The t iming or season of fert i l izer appl icat ion is determined by the type of

f e r t i l i z e r , crop, soi l  characterist ics, and schedul ing of other farm

A-36



operat ions. The season in which fert i l izer is appl ied affects the amounts

of runoff and soil loss available as a transport mechanism. F e r t i l i z e r

app l ied in  the fa l l  w i l l  be sub ject  to  the h igh vo lumes of  runof f  resu l t ing

from the fol lowing spring's snowmelt. Soluble phosphorus losses from

fert i l izer appl ied in the fal l  were est imated to be 6 to 9 percent greater

with row crops, and about 20 percent greater with small grains, when

compared to  spr ing-appl ied fer t i l i zer . However, since most sediment-

assoc ia ted losses do not  or ig inate  f rom fer t i l i zer  nut r ients ,  the

relat ionship of sediment-associated losses to appl icat ion rate wi l l

probably not be signif icantly affected by the season of appl ication

(Johnson and Moore, 1978).

Burwel l  e t  a l .  (1975)  conc luded that  de lay ing spr ing fer t i l i zer

appl icat ion, or part of the appl icat ion, in most cases would only sl ight ly

reduce average annual soluble phosphorus losses. Soluble phosphorus losses

during this period comprise about 45 percent of the annual soluble losses.

4. Problems Encountered in Previous Research

Several factors make it difficult to estimate the impact of management

practices on phosphorus losses. The basic problem is that the total

phosphorus content of soils ranges from 0.01 to 0.13 percent (ARS, 1975),

and small changes in these values resulting from different management

pract ices  are  d i f f i cu l t  to  measure. Second, when evaluating nutrient

losses in surface runoff,  i t  is necessary to measure both the nutr ient

concentrat ion in the sediment and runoff water, and the quanti t ies of

sediment and water in the runoff. Failure to do so could cause an

erroneous conclusion, since i t  is possible for runoff to have high nutr ient

concentrations and yet contribute low nutrient losses because of low

sediment and water losses (Timmons et al., 1973).

5 .  Conc lus ions

Good management means fertilizing according to reliable soil tests, making

appl ica t ions a t the optimum times, and using the best fertilization methods

a long wi th  a l ternat ives or  supp lements  to  fer t i l i zers .
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Fertilizer management offers the advantages of maximizing returns and

opt imiz ing input  costs , and i ts low cost makes i t  a potential ly

cost-effective BMP. Fertilizer management, however, may require extra time

and effort to have soi ls sampled and fert i l izer special ly mixed, as well  as

the poss ib i l i ty  o f  increased costs  assoc ia ted wi th  sp l i t  app l ica t ions

(International Joint Commission, 1983).

F. Sediment Basins

Sediment basins are catchments designed to impound agricultural runoff

water long enough for suspended sediment and absorbed nutrients to settle

out . These ponds or basins can be constructed along a stream or between a

field and a waterway. Unlike BMPs such as terracing and contouring that

attempt to reduce sediment and nutrient loses, this sediment reduction

method is designed to col lect and reduce pol lutants after they leave a

field, but before they can cause environmental damage. These basins have

the added advantage that they can reduce flooding peaks and decrease

downstream erosion. They can provide an addit ional water source for

l ivestock, and the material which is periodical ly dredged from the basins

is high qual i ty topsoi l  which can be used to f i l l  and cover areas in need

of topsoi l  replenishment. Cited disadvantages include: (1 )  regu la r

maintenance requirements; (2) uneconomical to design for f ine part icle

removal; (3) fine particles which adsorb most chemicals and nutrients are

not controlled; (4) unused or low valued land must be used for placement--

otherwise, some land would need to be taken out of production or possibly

easements obtained; and (5) failure to address the source of sedimentation

(Bos, 1983; International Joint Commission, 1983).

The remainder of this subsection is divided in two parts with the f i rst

discussing the cost of this BMP and the second examining its efficiency in

removing suspended soil particles and phosphorus.
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1. Costs of Sediment Basins

The cost of constructing and maintaining sediment basins is often cited as

their major disadvantage. Sediment basin size is a major cost-determining

factor and is dependent on several variables including frequency and

intens i ty  o f  ra in fa l l ,  the area dra ined,  so i l  type and topography.

Sediment basin site is usually expressed in terms of the area drained.

Based on conversations with SCS engineers in Region V (Minnesota,

Wiscons in ,  Mich igan,  I l l ino is ,  Ind iana and Ohio) ,  typ ica l  bas ins in  th is

region drain from 3 to 21 acres with most basins serving from 5 to 10

acres. Construct ion costs include earthwork and outlet construct ion, and

range from $1,000 to $1,500 per structure for basins draining 5 to 10

acres. Basins draining 15 to 20 acres cost approximately $2,500 to $3,000

to  bu i l d .

Annual costs are about 8 to 10 percent of the construction cost.

Maintenance activities include mowing vegetative cover in and around the

basin and periodical ly cleaning out material that has accumulated in the

basin. Th is  la t ter  ac t iv i ty  is  impor tant  for  main ta in ing the bas in 's

suspended solids removal efficiency. The number of times a basin needs

cleaning depends on the amount of rainfall and the number of major storms.

Basins may need cleaning several times per year or several years may elapse

before dredging is necessary. A typical timeframe is one cleaning every

one to three years.

The expected lifetime of a sediment basin is ten years, but this period can

be extended with more frequent sediment removal.

2. Effect iveness of Sediment Basins

Because the design (shape, size, depth, etc.) is important in determining

the sediment removal efficiency of a sediment basin, the desired

effect iveness of a basin becomes a design cr i ter ion. The design

effectiveness of a basin depends on the volume of water it can store
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relat ive to the volume which f lows through i t  during a storm. The greater

the storage volume relat ive to inf low, the greater the basin's

e f fec t iveness. Unfortunately, construction costs also become higher as a

basin's effectiveness increases; thus, a compromise between these two

factors must be made.

Sediment removal eff iciencies typical ly range from 60 to 95 percent

(Dendy, 1974; Robbins and Carter, 1975; Brown et al., 1981; Bos, 1983).

SCS personnel indicated sediment efficiency of 90 to 100 percent when

basins are properly constructed and maintained. This is confirmed by the

Robbins and Carter (1975) and Dendy (1974) studies. In the latter study,

17 flood-retarding reservoirs scattered throughout the U.S. were examined.

Sediment trap efficiencies of 81 to 98 percent were found.

The major factors (other than basin design) controlling sediment removal

are the flow rate and the sediment concentration of the water entering a

b a s i n . A recent five-year study conducted by Brown et al. (1981),

examining the sediment removal of a sediment basin, demonstrates the

in f luence o f  these fac tors . They found a typical removal rate of 65 to 76

percent of sediment. However, when the flow rate into the pond was 28 to

170 l i ters/set (L/S), the peak sediment removal eff ic iency was 68 percent

or  less . Sediment removal efficiency increased to 83 percent as the flow

into the basin increased from 340 to 453 L/S. The removal eff ic iency

dropped, however, to 75 percent at flows above this because water was

flowing too quickly through the pond to al low proper sediment sett l ing

i . e . , at 623 to 765 L/S retention time dropped by almost an hour.

Removal of total phosphorus by a sediment basin is lower than sediment

removal levels because:

Phosphorus is present in both soluble and insoluble forms; the

former generally passes through a pond even when there is 100

percent sediment removal (Brown et al., 1981).
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Phosphorus tends to bind to smaller clay particles which do not

readi ly  set t le  out ,  par t icu lar ly  when f low ra te  is  not  opt imal

for  par t ic le  set t l ing  (Brown et  a l . ,  1981) .

Bos (1983) and Clark et al.  (1985) report total phosphorus removal levels

of 40 to 50 percent. The Brown et al. (1981) five-year study of a sediment

basin reported removal levels of 25 to 33 percent.

Sediment basins can also help remove non-persistent pesticides which are

at tached to  so i l  par t ic les , because these basins provide time for these

chemicals to break down before entering receiving waterways (Bos, 1983).

Unfortunately, many such chemicals adhere to the smaller soil particles

which are less effectively retained by sediment basins (Bos, 1983;

International Joint Commission, 1983).

G.  L ivestock Exc lus ions

Limiting access by livestock to an open watercourse may be very effective

in reducing nonpoint phosphorus loadings. Livestock exclusions

(stream-bank fencing) are effective in reducing phosphorus loadings in two

ways: (1) by el iminating fecal deposits from entering surface water

directly and (2) by reducing the disturbance of stream bank and bottom

sediments due to trampling by livestock.

Very few studies have been conducted regarding the effectiveness of

livestock exclusions in reducing phosphorus loadings to surface waters,

especial ly streams; this is at least part ly a consequence of the great

variabi l i ty of implementation costs and result ing phosphorus load

reductions. Current ly ,  a  re la t ive ly  large l ivestock exc lus ion s tudy has

been undertaken in Florida as part of the Rural Clean Water Program (RCWP);

however, results from this project are not currently avai lable.

Nevertheless, some estimates of costs and effectiveness of livestock,

exclusions are available and are discussed below.

A-41



1. Costs of Livestock Exclusions

Variations in costs for implementing livestock exclusion BMPs may be

substant ia l  depending on s i te  spec i f ic  character is t ics . For example, if a

stream passes through the middle of a pasture, fencing will be required on

both sides of the stream. In other cases, a stream may flow adjacent to

the boundary of a pasture, thus requiring fencing on only one side.

Fencing investment costs, as estimated by the Ohio Soil Conservation

Service are $2,100 per mile (Hemmer, 1985); Illinois SCS cost estimates are

$2,394 per mile (Lewis, 1985). Both cost est imates are for four wire

fences. Annual costs are estimated to be 5 percent of investment costs and

the fence life span was estimated to be 20 and 25 years by the Illinois and

Ohio SCS, respectively.

Other variat ions in the costs of l ivestock exclusions are associated with

prov id ing an a l ternat ive water  supply  for  the l ivestock,  i f  necessary .  In

the Florida livestock exclusion RCWP, ponds were dug that were relatively

inexpensive since the water table is very high in this area (Ritter, 1985).

Frequently, the need for an alternate water supply wil l  require pumping,

piping and holding tanks for which costs can be extremely variable.

In other cases, provision of concrete or gravel access ramps or crossings

in control led areas are suitable for water supply; access ramps are

estimated to range in cost from $250 to $500 each, with two ramps normally

required (Bos, 1983). Annual costs associated with the access ramps are

expected to be f ive percent of the original investment costs.

In addit ion to the costs associated with fencing and provision of an

alternate water supply, there are general ly costs associated with loss of

grazing land due to the fencing. These costs depend on the topography of

the stream to be fenced; in general, the more a stream deviates from a

straight course, the larger the area of grazing land lost due to the

exc lus ion. In  some ins tances use o f  f i l te r  s t r ips  (a  s t r ip  o f  land,  the
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vegetat ion on which f i l ters sediment and nutr ients from runoff) is also

recommended in conjunction with livestock exclusions. Estimates of the

magnitude of these costs are not available.

2. Effect iveness of Livestock Exclusions in Reducing Nonpoint Pol lut ion

In  add i t ion to  reduc ing the chances o f  d i rec t  l i vestock feca l  depos i ts  in  a

stream, exclusion structures l imit  phosphorus loadings to surface water by

reducing sedimentation. As livestock trample the stream banks and bottoms,

sediment is stirred up and migrates downstream.

Phosphorus loadings are estimated to be reduced by 30 percent due to

exc lus ions;  unfor tunate ly ,  few tes t  resu l ts  are  ava i lab le .  However ,  the

magnitude of the decrease in phosphorus loadings will depend largely on

s i te-spec i f ic  cond i t ions such as so i l  s tab i l i ty ,  in tens i ty  o f  l i ves tock use

and abi l i ty of the watercourse to assimilate the contaminants (Bos, 1983).

H. Feedlot Runoff Waste Management

The potent ia l  o f  s tormwater  runof f  f rom l ives tock feed lo ts  po l lu t ing

adjacent water bodies has been documented (Sutton et al., 1976; Vanderholm

e t  a l . , 1979; Young et al., 1980). As a result ,  several technologies

capable of control l ing feedlot runoff have been studied in considerable

d e t a i l .

Essent ia l ly  there are two pr inc ipa l  types of  feed lo t  runof f  cont ro l

systems discussed in the l i terature: (1)  a  sys tem which co l lec ts  a l l  o f

the runoff,  detains i t  in storage and subsequently appl ies i t  to cropland

(denoted here as a zero discharge system), and (2) a system which collects

a l l  runof f ,  se t t les  out  par t icu la tes  and prov ides vegeta ted s t r ips  for

f i l t ra t ion to  fur ther  c lar i fy  the e f f luent  (denoted here as a  vegetat ive

f i l t e r  sys tem) . Of course, depending on si te-specif ic condit ions, there

are numerous variations in the systems which can be implemented. Typically

both systems divert clean water runoff which would enter the feedlot.
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In an effort to reduce pol lut ion from large feedlot operations, EPA

promulgated certain regulat ions pertaining to runoff control requirements.

The regu la t ions requ i re  a  permi t  for  a l l  l i vestock fac i l i t ies  over  1000

animal units (beef animal or equivalent) with point source discharges of

pol lutants into navigable waters. Faci l i t ies with 300 to 1,000 animal

units require an operat ing permit (White and Forster, 1978). As a

consequence of this, numerous studies have been undertaken examining the

costs of the dif ferent control  systems. Other studies est imated reductions

in  var ious po l lu tants , including phosphorus, result ing from the

implementation of various runoff control systems. A summary of the major

studies is presented in Table A-5. A general discussion of cost and

effect iveness of feedlot runoff control systems is presented below.

1. Costs of Feedlot Runoff Controls

Feedlot runoff control costs are dependent on feedlot size, type of runoff

control system, annual rainfal l  and site-specif ic condit ions such as

topography and feedlot design. Accordingly, cost ranges (both investment

and operation and maintenance) are very broad, as illustrated in published

studies of runoff  control systems. For purposes of this analysis, cost

estimates for each of the major control systems (zero discharge and

vegetat ive  f i l te r )  are  d iscussed separate ly .

a. In i t ia l  investment  cost

Investment costs for a zero discharge runoff control system in Minnesota

were estimated to range from $1,439 to $9,493 for beef feedlots ranging in

size from 100 to 1,500 head, respectively. These costs were estimated for

a  " typ ica l "  feed lo t ,  and inc luded expendi tures for  a  d ivers ion ter race to

keep unpol luted water off  the lot,  a sett l ing basin, a detention pond and

suf f ic ient  pumping equipment  to  app ly  the runof f  to  i r r igated f ie lds

(Pherson, 1974). A similar system instal led on a dairy fan was est imated

to require investment outlays of $2,747 and $3,725 for 80 and 150 head
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Table A-5.  Summary of feedlot waste management cost and effectiveness literature regarding the reduction of phosphorus and sediment in runoff
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faci l i t ies, respectively (Buxton and Ziegler, 1974). Johnson and Davis

(1975) found that investment costs for a zero discharge system were highly

dependent on faci l i ty size. In beef feedlots with a capacity of less than

100 head, per head costs were estimated to be $145. Investment costs per

head for lots with capacities from 100 to 199 head were only $21;

investment costs were $18 per head for facilities with more than 1,000

head. Large differences in investment cost per head were also estimated by

White and Forster (1978) with costs ranging from nearly $23 per head for a

paved cattle feedlot with a 100-head capacity to only $7 per head for an

unpaved feedlot with a 700-head capacity.

In a detailed study of zero discharge runoff control system costs, computer

models were developed to determine optimal design characteristics.

C l imat ic  cond i t ions (e .g . , rainfal l  patterns and temperature) were very

important in determining design characteristics and corresponding system

costs; essential ly, areas with high rainfal l  and/or low temperatures had

correspondingly higher system investment costs. Investment costs for a

200-head capacity beef feedlot were estimated to range from approximately

$3,500 in Pendleton, Oregon to $7,600 in Astoria, Oregon (Miner et al.,

1979).

In an Illinois study comparing the costs of the zero discharge and

vegetat ive f i l ter systems, actual investment costs for zero discharge

systems Installed in beef feedlots were approximately $9,800 to $10,700 for

500-head capac i ty  fac i l i t ies . Investment costs for a 100-head dairy were

$8,100. Vegetat ive f i l ter systems were somewhat less expensive to instal l ,

with actual costs varying from approximately $7,900 to $9,000 for a

500-head beef feedlot while costs for a 100-head dairy were only $6,700

(Vanderholm et al., 1979).

b. Operation and maintenance costs

Annual costs for operat ing zero discharge feedlot runoff control systems

are primarily associated with pumping costs, equipment repair and labor.



These costs were estimated to range from $198 to $911 for beef feedlots

with capacities of 100 to 1,500 head (Pherson, 1974). Annual costs as

estimated by Johnson and Davis (1975) are very comparable to Pherson, with

the exception of the smaller feedlots (less than 500-head capacity) where

Johnson and Davis estimate somewhat higher costs.

Estimation of annual operating costs by Miner et al.  (1979) included both

operating and ownership costs. These costs were grouped into the following

categor ies :  (1)  in terest  and deprec ia t ion;  (2)  repa i r  and maintenance;  (3)

taxes; (4) insurance; (5) labor; and (6) energy. Because these est imates

also include ownership costs ( i .e., in terest  and deprec ia t ion) ,  they are

somewhat high.

In an annual cost comparison of zero discharge and vegetative filter

systems, the vegetative filter systems were estimated to cost from 20 to 40

percent less than the zero discharge system (Vanderholm, 1979).

Unfortunately, few detai ls were provided regarding the est imation of these

costs.

2. Effectiveness of Feedlot Runoff Waste Management in Reducing Nonpoint

Po l l u t i on

Insta l la t ion o f  zero d ischarge or  vegetat ive  f i l te r  sys tems to  cont ro l

feedlot runoff is bel ieved to be an effect ive measure for control l ing

phosphorus and other pollutants. Unfortunately, quanti tat ive measures of

performance, especial ly for the zero discharge system, are quite l imited.

In an analysis of runoff wastes from commercial feedlots in South Dakota,

Madden and Dornbush (1971) measured changes in runoff wastes from

ins ta l l i ng  d i ve rs i ons  and  se t t l i ng  bas ins .  (D i ve rs i ons ,  wh i ch  p roh ib i t

unpol luted stormwater from entering the feedlot wastes and sett l ing basins

are both components in the zero discharge and vegetative filter systems.)

Results indicated reductions in phosphorus losses ranging from

approximately 30 to 60 percent. In  th is  ana lys is ,  phosphorus losses before

the system was in place were estimated to range from 3,500 pounds per year
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for a 2,000-head beef feedlot to approximately 100 pounds per year for a

320-head beef feedlot. Dif ferences in phosphorus runoff (not attr ibuted to

feedlot size) depended on rainfall and snowmelt runoff patterns and

ind i v i dua l  f eed lo t  cha rac te r i s t i c s .

Vegetative filters were found to reduce solids and phosphorus losses due to

runoff by 79 and 83 percent, respectively, in a Minnesota study (Young et

a l . , 1980). Results from a vegetat ive f i l ter system instal led on a swine

feedlot in Indiana indicated reductions in sol ids loss of 68 percent whi le

phosphorus losses were reduced 92 percent (Sutton et al., 1976).

Vegetative filter systems reduced solids losses by over 90 percent from a

beef  feedlot  and a da i ry  in  I l l ino is . Reductions in phosphorus losses were

somewhat more variable, ranging from over 70 percent to 96 percent

(Vanderholm et al., 1979).
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B-1

Exhibit B-1. Tipton, Indiana Case

POTW Size Daily:
Annual:

Secondary POTW Treatment Technology: Activated Sludge

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:
Phosphorus:

Chemical addition
(ferr ic chlor ide)

$6,088,100 ($1985)
$     250,000  ($1985)

Annual Operation and Maintenance Total:
Phosphorus: 1/

Phosphorus Influent:
Effluent:

Removal Efficiency:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent interest =

Capital Cost Phosphorus X CRF =

$250,000 X .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$29,375 + $9,000 =

Phosphorus Removal Calculations:

Influent - Effluent =
3.0 mg/l - .44 mg/l =

2.56 mg/l X 8.34 X 1.17 MGD X 365=

Cost-Effectiveness Calculations:

$38,375/yr =
8092 lbs/yr

1.17 MGD
379 MG

$ 197,304 ($1985)
$ 9,000 ($1985)

3.00 mg/l
.44 mg/l

85 percent

.1175

Annual Capital Cost

$29,375

Annual Treatment Cost

$38,375

Load Removed
2.56 mg/l

8,092 lbs/yr

$4.74/lb

1 / Phosphorus removal cost components requested were equipment, labor,
energy, supplies and sludge handling and removal costs. The estimates
obtained did not specify costs by line item.



Exhib i t  B-2. Ionia, Michigan Case

POTW Size Daily:
Annual:

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:  1/ $7,073,078 ($1985)
- Phosphorus: 2/ $235,455 ( $1985)

Annual Operation and Maintenance Total:
Phosphorus: 3/

$300,000 ($1985)
$33,500 ($1985)

Phosphorus I n f l u e n t :
E f f l uen t :

3.6 mg/l
.9 mg/l

Removal Efficiency:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent  in terest  =

Capital Cost Phosphorus X CRF =

$235,455 X .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$27,666 + $33,500 =

Phosphorus Removal Calculations:

I n f l uen t  -  E f f l uen t  =
3.6 mg/l  -  .9 mg/l  =

2.7 mg/l X 8.34 X 1.6 MGD X 365 =

Cost -Ef fec t iveness Calcu la t ions:

$61,166/yr  =
13,151 lbs/yr

1.6 MGD
584 MG

Rotary  b io log ica l  d iscs

Chemical addition
(aluminum sulfate &
polymers)

75 percent

.1175

Annual Capital Cost

$27,666

Annual Treatment Cost

$61,166

Load Removed
2.7 mg/l

13,151 lbs/yr

$4.65/1b

1 /  $3,755,000 in 1975.
2 /  $ 1 2 5 , 0 0 0  i n  1 9 7 5 .
3 / Phosphorus removal cost components requested were equipment, labor,

energy, supplies and sludge handling and removal costs. The estimates
obtained only specified chemicals, maintenance and labor costs by line
i tem.
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Exh ib i t  B -3 . Owosso, Michigan Case

POTW Size Daily:
Annual:

4.5 MGD
1642.5 MG

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:
Phosphorus:

Annual Operation and Maintenance Total:
Phosphorus: 1/

Phosphorus I n f l u e n t :
E f f l uen t :

Removal Efficiency:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent interest =

Capital Cost Phosphorus X CRF =

$150,000 x .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$17,625 + $70,000 =
$17,625 + $75,000 =

Phospho rus  Remova l  Ca l cu la t i ons :

I n f l uen t  -  E f f l uen t  =
5 mg/l - .4 mg/l =
5 mg/l - .5 mg/l =
6 mg/l - .5 mg/l =
6 mg/l - .4 mg/l =

4.6 mg/l X 8.34 X 4.5 MGD X 365 =
4.5 mg/l X 8.34 X 4.5 MGD X 365 =
5.5 mg/l X. 8.34 X 4 .5 MGD X 365 =
5.6 mg/l X 8.34 X 4.5 MGD X 365 =

Chemical treatment &
f i l t r a t i o n

Chemical addition
(iron & polymer)

$12,000,000 ($1985)
$150,000 ($1985)

$1,800,000 ($1985)
$70,000 to 75,000 ($1985)

5 mg/l to 6 mg/l
.4 mg/l to .5 mg/l

90 to 93 percent

.1175

Annual Capital Cost

$17,625

Annual Treatment Cost

$87,625
$92,625

Load Removed
4.6 mg/l
4.5 mg/l
5.5 mg/l
5.6 mg/l

63,013 lbs/yr
61,643 lbs/yr
75,341 lbs/yr
76,711 lbs/yr

R a n g e :  6 1 , 6 4 3  l b s  t o  7 6 , 7 1 1  l b s

1 / Phosphorus removal cost components requested were equipment, labor,
energy, supplies and sludge handling and removal costs. The estimates
obtained did not specify costs by l ine i tem.
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Cost-Effect iveness Calculat ions:

$87,625/yr =
61,643 lbs/yr

$87,625/yr =
76,711 lbs/yr

$92,625/yr =
61,643 lbs/yr

$92,625/yr =
76,711 lbs/yr

$1.42/ lb

$1.14/ lb

$1.50/ lb

$1.21/ lb

Range from $1.14/lb to $1.50/lb
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Exhib i t  B-4. Aurora, Minnesota Case

POTW Size Daily:
Annua l :

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:
Phosphorus:

Annual Operation and

Phosphorus Influent:
E f f l uen t :

Maintenance Total:
Phosphorus: 1/

2.8 mg/l - 4.0 mg/l
. 8  m g / l

Removal Efficiency: 71 to 80 percent

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
1 0  p e r c e n t  i n t e r e s t =

Capital Cost Phosphorus X CRF =

$220,000 x .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$25,850 + $2,660 =

Phospho rus  Remova l  Ca l cu la t i ons :

Inf luent - Eff luent =
2.8 mg/l - .8 mg/l =
4.0 mg/l - .8 mg/l =

2.0 mg/l X 8.34 X 0.44 MGD X 365 =
3.2 mg/l X 8.34 X 0.44 MGD X 365 =

Cost -Ef fec t iveness Calcu la t ions:

$28,510/yr =
2,702 lbs/yr

$28,510/yr =
4 ,323  l bs / y r

.44 MGD
162 MG

Extended Aeration With
Te r t i a r y  F i l t e r s

Chemical addition
(aluminum sulfate)

$2,200,000 ($1985)
$220,000 ($1985)

$180,000 ($1985)
$2,660 ($1985)

.1175

Annual Capital Cost

$25,850

Annual Treatment Cost

$28,510

Load Removed
2 . 0  m g / l
3 . 2  m g / l

2 ,702 lbs/yr
4,323 lbs/yr

$10.55/lb

$ 6 . 6 0 / l b

1/  Chemicals, maintenance and energy costs were specific line items
included. Other phosphorus removal costs (e.g., sludge handling,
equipment and labor) were not specified.



Exhib i t  B-5. Bemidji, Minnesota Case

POTW Size Daily:
Annual:

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
Removal Technology,:

Capital Cost Total-:
Phosphorus: 1/

Annual Operation and Maintenance Total: 2/
Phosphorus: 3/

Phosphorus Inf luent:
E f f l uen t :

R e m o v a l  E f f i c i e n c y :

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent interest =

Capital Cost Phosphorus X CRF =

$491,480 X .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$57,749 + $82,000 =

Phosphorus Removal Calculations:

I n f l u e n t  -  E f f l u e n t  =
3.0 mg/l  -  .1 mg/l  =
8.0 mg/l  -  .1 mg/l  =

2.9 mg/l X 8.34 X 1.1 MGD X 365 =
7.9 mg/l X 8.34 X 1.1 MGD X 365 =

Cost -Ef fec t fveness Calcu la t ions:

1.1 MGD
401.5 MG

Activated Sludge

Chemical addition
(aluminum sulfate &
polymer)

$14,000,000 ($1985)
$491,480 ($1985)

$719,474 ($1985)
$82,000 ($1985)

3 mg/l to 8 mg/l
0 . 1  m g / l

97 to 99 percent

.1175

Annual Capital Cost

$57,749

Annual Treatment Cost

$139,749

Load Removed
2 . 9  m g / l
7 .9  mg/ l

9 ,711  l bs / y r
26,453 lbs/yr

$14.39/ lb

$5 .28 / l b

Preliminary construction cost estimate in 1982 was $440,000.
1986 budget estimate.
Phosphorus removal cost components requested were equipment, labor,
energy, supplies and sludge handling and removal costs. The estimates
obtained did not specify costs by l ine i tem.
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Exhibit  B-6. Eveleth, Minnesota Case

POTW Size Daily:
Annual:

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus Chemical addition
Removal Technology: (alum)

Capital Cost Total:
Phosphorus:

$5,000,000 ($1985)
$20,000 ($1985)

Annual Operation and Maintenance Total:
Phosphorus: 1/

$115,000 ($1985)
$3,520 ( $1985)

Phosphorus Influent:
E f f l uen t :

3.0 mg/l
.7 mg/l to .8 mg/l

73 to 77 percentRemoval Efficiency:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent interest =

Capital Cost Phosphorus X CRF =

$20,000 x .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$2,350 + $3,520 =

Phosphorus Removal Calculations:

I n f l u e n t - Ef f luent  =
3.0 mg/l -
3.0 mg/l

.7 mg/l =
- .8 mg/l =

2.3 mg/l X 8.34 lb/MG X 225.5 MG =
2.2 mg/l X 8.34 lb/MG X 225.5 MG =

Cost-Effectiveness  Calculations:

.7 MGD
2 2 5 . 5  M G

Activated Sludge

.1175

Annual Capital Cost

$2,350

Annual Treatment Cost

$5,870

Load Removed
2.30 mg/l
2.20 mg/l

4 ,328 lbs/yr
4 ,137  l bs / y r

$1 .36 / l b

$1.42/1b

1 Phosphorus removal cost components requested were equipment, labor,
energy, supplies and sludge handling and removal costs. The estimates.
obtained only specified energy and chemical costs by line item.
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POTW Size Daily:
Annual:

1.6 MGD
582 MG

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
 Removal Technology:

Capital Cost Total:
Phosphorus:

Extended Aeration

Chemical Addition
( f e r r i c  c h l o r i d e )

$9,000,000 ($1985)
$ 150,000 ($1985)

Annual Operation and Maintenance Total:  - $ 430,000 ($1985)
Phosphorus: 1/ $  60 ,225  ($1985 )

Phosphorus Inf luent: 2/
E f f l uen t :

10.00 mg/l
.9 mg/l

- 14.00 mg/l

Removal Efficiency:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10  pe rcen t  i n t e res t  =

Capital Cost Phosphorus X CRF =

$150,000 x .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$17,625 + $60,225 =

Phosphorus Removal Calculations:

I n f l uen t  -  E f f l uen t  =
14.0 mg/l - .9 mg/l =
10.0 mg/l -  .9 mg/l  =

13.10 mg/l X 8.34 X 1.16 MGD X 365 =
9.10 mg/l X 8.34 X 1.16 MGD X 365 =

Cost-Effect iveness Calculat ions:

91 to 94 percent

.1175

Annual Capital Cost

$17,625

Annual Treatment Cost

$77,850

Load Removed
1 3 . 1 0  m g / l

9 . 1 0  m g / l

63,586 lbs/yr
44,170 lbs/yr

Exhib i t  B-7. Fergus Falls, Minnesota Case

.

$1 .22 / l b

$1 .76 / l b

Phosphorus removal cost components requested were edquipment labor,
energy, supplies and sludge handling and removal costs. The estimates
obtained did not specify costs by l ine i tem.
Phosphorus ranges from 25 mg/l to 5 mg/l with an average of 14 mg/l.
Once the fac i l i ty  is  in  fu l l  operat ion the expected in f luent  is  10
mg/l. The excess loadings are caused by a nearby cheese manufacturing
plant.
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Exhib i t  B-8. Gilbert, Minnesota Case

POTW Size Daily:
Annual:

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:
Phosphorus: (10%)

Annual  Operat ion and $  1 8 7 , 0 0 0  ( $ 1 9 8 5 )
$ 2 , 5 0 0  ( $ 1 9 8 5 )

Phosphorus Influent:
E f f l uen t :

Maintenance Total:
Phosphorus: 1/

2 mg/l
.8 mg/l

Removal Eff iciency: 60 percent

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent interest =

Capital Cost Phosphorus X CRF =

$234,609 X .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$27,567 + $2,500 =

Phosphorus Removal Calculations:

I n f l uen t  -  E f f l uen t  =
2.0 mg/l - .8 mg/l =

.

1.20 mg/l X 8.34 X 0.4 MGD X 365=

Cost -Ef fec t iveness Calcu la t ions:

$30,067/yr =
1461 lbs/yr

.4 MGD
1 4 6  M G

Extended Aeration with
Te r t i a r y  F i l t e r s

Chemical addition
(aluminum sulfate)

$2,346,091 ($1985)
$ 234,609 ($1985)

.1175

Annual Capital Cost

$27,567

Annual Treatment Cost

$30,067

Load Removed
1.20 mg/l

1 ,461 lbs/yr

$20.58/ lb

1 / Phosphorus removal cost components requested were equipment, labor,
energy, supplies and sludge handling and removal costs. The estimates
obtained did not specify costs by l ine i tem.
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Exhib i t  B-9. Pine Island, Minnesota Case

POTW Size Daily: .3 MGD
Annual: 108 MG

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:
Phosphorus:

Activated Sludge

Chemical addition
(p i ck le  l i quo r )

$1,700,000 ($1985)
$352,000 ($1985)

Annual Operation and Maintenance Total:
Phosphorus: 1/

$132,442 ($1985)
$7,722 ($1985)

Phosphorus Influent:
E f f l uen t :

Removal Efficiency:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent interest =

Capital Cost Phosphorus X CRF =

$352,000 X .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$41,360 + $7,722 =

Phosphorus Removal Calculations:

I n f l u e n t -  E f f l uen t  =
6.0 mg/l  - 1.0 mg/l =
10.0 mg/l - 1.0 mg/l =

5.0 mg/l X 8.34 X 0.3 MGD X 365=
9.0 mg/l X 8.34 X 0.3 MGD X 365=

6.0 mg/l - 10.0 mg/l
1.0 mg/l

83 to 90 percent

.1175

Annual Capital Cost

$41,360

Annual Treatment Cost

$49,082

Load Removed
5.0 mg/l
9.0 mg/l

4 ,504 lbs/yr
8,106 lbs/yr

*Cost-Effect iveness Calculat ions:

$6.06/lb

1 / P ick le  l iquor  is  f ree,  except  for  t ranspor ta t ion costs .  F ive percent
of total O&M is used to determine labor, maintenance and energy costs
associated with P removal. Addit ional $1,000-1,200/yr for sludge
handling costs.

$10.90/lb
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Exhibit  B-10. Rochester, Minnesota Case

10 MGD
3650 MG

POTW Size Daily:
Annual:

Secondary POTW Treatment Technology: Activated Sludge

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:
Phosphorus:

Annual Operation and Maintenance Total:
. Phosphorus: 3/

Phosphorus Influent:
E f f l uen t :

Removal Efficiency:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
10 percent interest =

Capital Cost Phosphorus X CRF =

$3,500,000 x .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost =

$411,250 + $450,000 =

Phosphorus Removal Calculations:

I n f l uen t  -  E f f l uen t  =
14.0 mg/l - 1.0 mg/l =

13.0 mg/l X 8.34 X 10.00 MGD X 365 =

C o s t - E f f e c t i v e n e s s  C a l c u l a t i o n s :

PhoStrip 1/

$56,000,000 ($1985)
$ 3,500,000 ($1985)

$ 3,400,000 ($1985)
$ 450,000 ($1985)

14.0 mg/l
1.0 mg/l

93 percent

.1175

Annual Capital Cost

$411,250

Annual Treatment Cost

$861,250

L o a d  R e m o v e d
13.0 mg/l

395,733 lbs/yr

$2.18/ lb

1 / PhoStrip is a combination of biological and chemical processes; the
chemicals used are lime and alum.

2 / Phosphorus removal cost components requested were equipment, labor,
energy, supplies and sludge handling and removal costs. The estimates
obtained did not specify costs by l ine i tem.

3 / Actual eff luent is higher ranging from 2.0 to 4.0 mg/l  because the
system is not operating, correct ly. Research is being done to
determine the problem. The cost for reaching the 1.0 mg/l design was
est imated by the p lant  manager .
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Exhibit  B-11. Kent, Ohio Case

POTW Size Daily:
Annual:

Secondary POTW Treatment Technology:

Advanced Secondary Phosphorus
Removal Technology:

Capital Cost Total:
Phosphorus:

Annual Operation and

Phosphorus Influent:
E f f l uen t :

Removal Efficiency:

Maintenance Total:
Phosphorus:

Annual Cost Calculations:

Capital Recovery Factor at 20 years and
1 0  p e r c e n t  i n t e r e s t  =

Capital Cost Phosphorus X CRF =

$30,000 x .1175 =

Annual Capital Cost + Annual Operation
and Maintenance Cost.=

$3,525 + $91,365 =

Phosphorus Removal Calculations:

In f luent  -  Ef f luent  =
7.0 mg/l  -  .5 mg/l  =
7.0 mg/l  -  .6 mg/l  =

6.5 mg/l X 8.34 X 3.0 MGD X 365 =
6.4 mg/l X 8.34 X 3.0 MGD X 365 =

Cost -Ef fec t iveness Calcu la t ions:

$94,896/yr =
58,447 lbs/yr

1 /

3.0 MGD
1,095 MG

Activated Sludge

Chemical addition
(alum)

$8,400,000 ($1985)
$30,000 ($1985)

$1,000,000 ($1985)
$91,365 ($1985)

7.0 mg/l
.5 mg/l - .6 mg/l

91 to 93 percent

.1175

Annual Capital Cost

$3,525

Annual Treatment Cost

$94,890

Load Removed'
6.5 mg/l
6.4 mg/l

59,360 lbs/yr
58,447 lbs/yr

$1.60/ lb

$1.62/ lb

Phosphorus removal cost components requested were equipment, labor,
energy, supplies and sludge handling and removal costs. The estimates
obtained only specified chemical, pumping, labor and sludge handling
costs by l ine i tem.


